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CHATS WITH THE EDITOR 


. PHIS is the last of the issues of 


& PracricaL MATHEMATICS devo- 


‘ted to military and industrial applica- 


tions. When you began this intensive 
study of mathematical theory and 
practice about four months ago, some 
of you were a bit skeptical as to 
whether or not you could really com- 
plete the lessons in the span of 120 
days. Now you are in a position to 
judge for yourself how well you were 
able to keep to that goal. 

As I wrote many of you, and as I 
intimated in some of my earlier chats, 
no one is under compulsion to get 
through the work in any given 
amount of time. Some of you have 
been putting the later 1ssues by until 
you should have had opportunity to 
give fuller attention to the subject- 
matter of the earlier 1ssues. Others, 
for whom the earlier issues were in the 
nature of a review of work previously 
studied, more than kept abreast of 
the dates of 1ssuance through the first 
section and have then devoted more 
careful attention to the later issues 
immediately upon receiving them. 

Under the stress of preparing and 
studying these lessons as rapidly as 
possible in order to be ready for any 
emergency growing out of the war ef- 
fort, we have all had to pick and 


choose our way. When the officials of 


the National Educational Alliance ap- 
proached me early last fall with the 
proposition that I assist them in or- 
ganizing this series of lessons and 
that I have them complete by mid- 
summer, I realized that the complexi- 
ties of the project would be many. 

I wish that it were possible to bring 
each of you behind the scenes to see 


just what goes into the making of 
such a publication as PRACTICAL 
MATHEMATICS. In addition to our 
corps of instructors, each working in 
his own office on his own campus, we 
have gathered together a  head- 
quarters staff to care for the various 
phases of the publication. Every 
manuscript received from the pro- 
fessors who wrote them has been 
checked and re-checked to make sure 
that nothing was taken for granted in 
the transition from one writer's pre- 
sentation to the next. Every problem 
proposed for solution by the student 
has been solved independently by at 
least three members of our stafí—and, 
when their solutions differed, others 
of the staff have been called into con- 
sultation. 

Our staff artists have endeavored 
to prepare diagrams that would really 
aid in interpreting the text and have 
sometimes been of assistance in call- 
ing attention to obscurities in the text 
which we have thereupon remedied. 
In addition, there has been a constant 
procession of proofs across my desk— 
first proofs, second proofs, sometimes 
third proofs, and then lock-ups— 
with possibilities for further im- 
proving the. text. at.each. ré-appear- 
ance of the materials. Our copy- 
holders and proof-readers have not 
been idle in assuring you a reasonably 
correct text at all points. The co- 
operation of the compositors, make- 
up men, and others on the printer’s. 
staff should not go unmentioned. 

Before we leave the subject, it 
seems appropriate that we take a final 
glance back over the issues, to make 
certain that we have not overlooked 
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any of the phases of mathematics on 
which it is necessary to draw. 

In Issue Number One, we devoted 
most of our attention to basic arith- 
metic, considering in detail the fun- 
damental operations with whole num- 
bers, fractions, and mixed numbers. 
We also gave some attention to sys- 
tems of weights and measures and to 
the Arabic system of notation, on 
which most modern ,mathematical 
operations are based. 

In Issue Number Two, we con- 
tinued with a consideration of deci- 
mals, averages, ratio and proportion. 
In this 1ssue, also, we were introduced 
to logarithms and the slide rule, in- 
genious devices for shortening the 
labors of mathematical computation. 

In Issue Number Three, we met the 
special problems of algebraic nota- 
tion, and learned how to perform the 
fundamental operations with monom-. 
1als and polynomials, how to make use 
of factoring as a short form of divi- 
sion, and how to deal with fractions 
and equations. We learned that many 
examples. which cannot be solved 
readily by arithmetic may be easily 
solved when we resort to algebra. 

Issue Number Four continued with 
further algebraic processes, parti- 
cularly simultaneous equations, quad- 
ratics, permutations, combinations, 
the binomial theorem, number series, 
roots and powers. We learned also 
how to make use of various forms of 
graphs as a short form of solution or 
as an easier way to make intelligible 

through an appeal to eye-interest the 
relationship between numerical data. 

In Issue Number Five, we turned to 
plane geometry, avoiding the formal 
treatment which is given in most 
Euclidean texts and proceeding di- 
rectly to make use of the results of 
these proofs. A considerable part of 
the issue was devoted to construction 
exercises, since this is the phase of 
geometrical work with which the 
shop-worker is most concerned. We 
tied together our knowledge of al- 


gebra and geometry in a special arti- 
cle on the conic sections, dealing with 
the circle, the ellipse, the parabola, 
and the hyperbola. 


In Issue Number Six, we extended 
our knowledge to the field of solid 
geometry, learning how to compute 
the areas and volumes of three-di- 
mensional figures, relating our know- 
ledge to mechanical drawing and con- 
struction engineering. We gave fur- 
ther attention to algebra in an article 
on irrationals and imaginary numbers. 


Issue Number Seven was devoted 
to a presentation of plane trigonom- 
etry, with a consideration of right and 
oblique triangles, trigonometric iden- 
tities, and inverse functions. We 
learned that the slide rule is a great 
help in solving many of the formulas 
with which we are confronted in deal- 
ing with trigonometry. 

In Issue Number Eight, we ap- 
proached the field of the calculus, 
treating of both differential calculus 
and integral calculus at sufficient 
length to learn how we may draw 
upon this branch of mathematical 
theory to help us solve problems 
which involve variables. Two short 
articles on fractional exponents and 
complex numbers extended our knowl- 
edge of algebra. 

In Issue Number Nine, we dis- 
cussed differential equations, thereby 
appreciating more fully the help 
which the calculus can be to us. In 
this issue, we discussed also the sub- 
ject of mensuration, at first a seem- 
ingly insignificant, but upon con- 
sideration a most important, subject. 
Here we were most concerned with 


tolerances, significant figures, and 


precision. Our acquaintance with a 
great number of instruments which 
may be used in working out precise 
measurements was increased through 
the discussion of their utility in 
various fields. 
Throughout the issues in this first 
part of our course, we stopped at 
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intervals to work on puzzle-type 
problems which gave us a deeper ap- 
preciation of the fallacies which 
sometimes lead us astray when we go 
wool-gathering in our use of math- 
ematics. The glossaries at the ends of 
the various issues gave us an oppor- 
tunity to catch ourselves up if we 
had missed an important point when 
it was first introduced. 


With the tenth issue, we began to 
consider the application of mathema- 
tics to one or another of the scientific 
fields in which constant use is made of 
the theory which had been presented 
in the earlier issues. 


In Issue Number Ten, we con- 
sidered mathematics as applied to the 
fields of construction engineering and 
machine-shop practice. This was fol- 
lowed in Issue Number Eleven with a 
similar treatment of the fields of heat 
and chemistry. In Issue Number 
Twelve, we gave attention to the 
mathematics of electricity and gun- 
nery. In Issue Number Thirteen, we 
treated similarly of the fields of navi- 
gation and radio. In the present 
issue, we take a quick review of all 
of these fields, treating at some 
length a problem which calls into 
play our whole range of mathematical 
knowledge. 


If this were a regular course, given 
on a college campus, we should feel 
at this point that we were approach- 
ing commencement day (graduation 
day). Since this is not a corre- 
spondence course, we have no award- 
ing of final honors, no presentation of 
diplomas, no salutatory or valedictory 
speeches. I cannot let this oppor- 
tunity go by, however, without 
passing on to you a final word of 
advice. 

I hope that this series of lectures 
on mathematics has served its purpose 
of offering you the key by which you 
may safely pass through the portals 
of mathematical learning, discover- 
ing, as we promised you in the earlier 


issues, that there is nothing mysteri- 
ous about mathematical procedures. 
By this time, you should have come 
to a full appreciation of the sense of 
order which is omnipresent in the 
whole field of mathematics. Half the 
secret of success lies in setting down 
in orderly fashion what you already 
know about the problem on which 
you are working and then determining 
how to relate these known facts so 
that you may be able to determine 
other facts from them. The remainder 
of the secret lies in correct applica- 
tion of the formulas, particularly in 
being sure that you have made your 
computations accurately, whether 
you have worked them out "long 
hand" or whether you have relied 
upon tables or other devices to short- 
en your labor. 


There is no royal road to learning. 
No one has ever yet devised a com- 
pletely painless process of passing 
on the lore of the ages to a new gen- 
eration. Diligence and hard labor 
are ever the lot of the conscientious 
student, in no matter what field he 
may be working. Particularly is this 
true in the field of mathematics. We 
may be perplexed at times, almost 
baffled at times, yet a rigid adherence 
to the principle of constant daily 
practice helps us to go steadily up- 
ward toward our goal. 


It is our hope that the arrangement 
of these fourteen issues may have 
been such that we have been able to 
assist our Alliance members in their 
progress through the field of math- 
ematics. My colleagues and I have 
sought in our presentation of the 
various fields to make the approaches 
as gradual, the passage from one 
stage to another as little abrupt as 
possible, within the limits of space 
allotted to us. If you can approach 
the next problem on which you have 
to work with a little greater confi- 
dence, with more assurance that you 
are going to come out with the cor- 
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rect solution, then our labors have 
not been in vain. 

In 120 days, we have covered the 
range of mathematical theory insofar 
as it relates to an elementary con- 
sideration of those fields which have 
a direct bearing on  present-day 
military and industrial problems. We 
have not endeavored to cover the 
whole field of mathematical know- 
ledge. That will have to be left for 
some future occasion when time is 
less pressing, a time which we hope 
Is, for most of you, in the not too 
distant future. If we have whetted 
your interest in mathematics and put 


you in a position where mathematics 
becomes your servant and not your 
master, then, we can assure you, you 
have before you many pleasant years 
of further study. 


To those of you who are ending 
your association with us at this point, 
let us bid you a pleasant farewell. 
To those who are planning to continue 
with us in the further pursuance of 
mathematical interests, we part for a 
time, to renew our associations in 
another interesting series of lectures 
in the near future. 


RSK.: 
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: GENERAL APPLICATIONS + 
By D. R. Curtiss, Ph.D. 


S a final review for the course in PracricaL MATHEMATICS with 

military and industrial applications, we shall present in this 
article a project from each of the applied fields covered in previous 
sections. In studying the theory, most students find that they can, by 
dint of more or less diligent labor, follow the line of reasoning of an 
author. In the more general treatment of practical fields in the pre- 
ceding four sections, the reader was enabled to draw together, from the 
theory which preceded, the mathematical formulas necessary for the 
solution of the basic formulas presented. 


In this concluding section, we shall review each of the applied 
fields, taking from each a specific problem which will call into play a 
considerable part of the whole range of mathematical knowledge. 
In following through the various steps, we shall assume that the 
reader is somewhat familiar with the subjects involved, although 
explanation of the derivation of certain formulas is included for 
purposes of making it possible for those less familiar to follow the 
line of reasoning. 





APPLICATIONS TO 


As we learned in the article on 
STRUCTURAL ENGINEERING 


construction engineering, for every 

| —— Stress in 4 member there is à cor- 
responding strain. We learned how to compute the bending moment of 
a beam, thus being enabled to select the smallest beam commensurate 





with safety. We shall now extend our investigation to the subject 


of deflection. 


, While a beam may be perfectly safe, it will still bend, even though 
imperceptibly, under any load. This sag is shown in Fig. 1 in a greatly 
exaggerated manner, where the distance, y, represents the deflection. 

The allowable deflection in engineering practice is 


1 e 
360 of the span. 
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A greater amount leads to a feeling of insecurity and results in an 
excessive cracking of floor and ceiling surfaces. 

While the amount of deflection for a given set of circumstances 
may be computed from formulas given in standard handbooks, that 
man who understands their derivation will be able to avoid the gro- 
tesque errors which sometimes arise from their use. 

To develop the formula for deflection in a simple beam, uniformly 
loaded, we return to the formulas, 

|» M I M. -f 





A ss 
each of which is equal to a third 
E | 
ratio, e 
a From the form, 
M, A 
I Es | Fig. 1 
we derive our basic formula, I 
El 
M.= 5 


where M,= bending moment at any distance, x, from left reaction 
I 2 moment of inertia 
E — modulus of elasticity 
R — radius of curvature. 


Curvature (R) may be defined for any curve as = where A09 is the 


change of angular direc- 
tion in radians over the 
distance of arc, As. 

The result will be exact 
if we let As approach 0, 
in which case we should 


dô 
have "PR 


b From the treatment on 
page 485, it should now 
be evident that, if we let 
Ax approach 0, NX Des 
comes dw, Ay "becomes 
dy, and As becomes ds. 

By geometry, , Fig. 2 
ds* = dx?--dy*. 
c Dividing by dx, taking the square root of each side, and then solving 


for ds, we have: 
; 2 
dal (2 ) dx 
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d Since the tangent to à curve at any point, X, is given by the first de- 
dy 
tivative, e ° 


_ 4 
tan Ces 
du 
== -i1 42 
= cam ES 
dy 
(dH 


TE^ 


e Substituting the values of ds and 40 found in steps c and d, we get 
| = 


"MO 
[OT 
f By trigonometry, we know that an arc length divided by the angle in 


radians is equal to the radius of à circle for that arc and angle. The 


1 
radius of curvature, R, i$ therefore defined as — 


K? 
AOT 
Cr ES 
dx? 


$ Since deflection in a beam is very small, the angle will be close to 0 and 
so will be tangent, or the first derivative. The square of this quantity 


will be altogether negligible. Therefore, in this case, the equation reduces 
to 


as ad da Ur 
diy. d de^ ` 
dx? 


h Substituting this value for E in the equation of step a, 


: ad? d'r 
M, = El Ss? 
which is known as the differential equation of the elastic curve. 
i Fig. 3 shows in Cartesian coórdinates à beam with uniform loading of w 


lb. per ft. The total load will be lv and each reaction will be jv. At 
l dy | 
> de =0, 
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The maximum deflection occurs at this point; hence, it is usually for 
this value of y that we solve the equation. Let us, however, first solve 
the more general equation for a bending moment at x: 





j Substituting this value 
in the equation of step 
h, and remembering 
that £ and Jf are con- 
stants, we have: 
2 — y? ; Xx 
dy WH "Ix 














det ge. mou ep. 
Ey ww = 
El == Lk 
k When 2 -0, A 
By By -—l*w de 


EE 
SE 
A second integration gives us 
—wxt wie -—wl?x 
A ae 


m When «=0, y=0; hence, C2=0. 
n The final equation may now E written: 


Y= (x4 —2/x3 +/3%), 





AE] 


Illustrative Problem 


Assume that you have selected a beam for a span of 60' and that 
you intend to provide the proper lateral support. The total uniform 
load will be 1,250 Ib. per ft. So far as the bending moment is con- 
cerned, the beam is perfectly safe. Its moment of inertia, J, is 
6, 354.7 in.* E; of course, 1s 30108. 


a The maximum allowable value will be zm of the span, Z, 


RA 60x12 _ on 
360 : 
b The maximum deflection will occur at the center of the beam; hence, 
Xe NAS O seres 
(Notice that, since / 1s expressed in inches, all linear measurements 


must be in the same unit. ) 
C Since, with this loading, y is a maximum at x—/, and the total load, Y, 
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5 equal to w/, we may simplify the equation in step n of the preceding theory to 
Deh  5xT75,000x60*x12 ` 1.91” 
I= 384ET ~ 58430 X10°X6,884,7 ^C 


As this is less than the allowable maximum of 2.0", the beam is satisfactory. 









The article on machine-shop prac- 
tice (pages 598 to 635) presented 
ee nd: any: #ormüulas to tise 1] specific 
situations. While the average workman is probably content to learn 
the specific formula for the specific purpose, the man with aspirations 
^ to get ahead in the 
E shop will find it de 
| sirable to be able to 
work out for himself 
the design of a new 
part. For purposes of 
illustration, we are 
working out in detail 
the steps in designing a 
| bevel gear, such as that 
shown in Fig. 4. 


APPLICATIONS TO 
MACHINE-SHOP PRACTICE 











ES 


Nomenclature 





In getting clearly in 
| mind the names of the Fig. 4 
| various parts of the 
| gear which we shall have to use in our problem, we shall find it simpler 
| to begin with an ordinary spur gear. In Fig. 5, 
| A=the addendum, the distance 





> 
from the top of the tooth tothe © 
pitch circle, measured along S= = o 
| the diameter 38 l ler o, p 
| C=the clearance, the amount by 8 Ie ROS 
| which the dedendum must ex- Y Wa e e 
x ceed the addendum S $ ro, O ` 
P D=the dedendum, the distance ? Š El ISLA 
from the root, or dedendum z "e, S "e 
eircle, along the diameter ° "P o, 
| P.C,=the pitch circle, the circum- — Ki 
" ference of the disk di 


. P.D.- the pitch diameter, the diameter of the pitch circle 
D.P.=the diametral pitch, the number of teeth per inch of pitch diameter 
| (or the number of teeth within s inches of the pitch cireumference 
` Nznumber of teeth on the gear | 
From these, we can establish the relationships, 
: number of teeth | N 
pitch damao g eere pitch 7777 DE 






































E diametral pitch D.P. 
1.157 1.157 c | 
A lr DPS = | 





To determine the outside diameter of the gear (the diameter of 
the addendum circle), we add twice the length of the addendum to the 


pitch diameter. ; | 
OD. =P D E23 s | I 


When it comes to a beve] gear, we measure the addendum and the 
dedendum, as shown in Fig. 6, along the edge of the tooth. For 
purposes of computation, we may | 
regard a pair of bevel gears as 
the frustums (see page 344) of 
two cones with a common vertex 
and with the lateral surfaces 
making a line contact along the 
pitch-cone radius (Fig. 4b). 


Illustrative Problem 
Addendum 


Suppose that, for a gear with Pitch Diameter (P D.) 
P.D.=6 and D.P.=10, you are Outside Diameter(O.D) 
asked to find the outside diameter, Fig. 6 | 
the pitch-cone angle, the pitch- 
cone radius, the addendum angle, and the dedendum angle. At the 
same time, you must find the pitch diameter, the diametral pitch, and 
the parts named above for another gear at right angles to the original 
gear and with double its angular velocity. 

a The angular velocities (w) of the gear and the pinion will be inversely 

proportional to their pitch diameters (to the number of teeth). 









Edge of teeth 






Angular. 






IVa (PD) (D.P.¿) =6Xx10=60 teeth 


_ Then N,=30 teeth 
P.D., —3 inches 
DPSIDIP 10. 





Fig. 7 


b Turning to Fig. 7, erect on the vertical center line, VZ, a perpendicular, 
AB, with a length of 3 inches. This line, 4B, represents the pitch circle 


radius of the gear. S 
C At B, erect BC perpendicular to 4B, with a length of 12 = BG 1s the 


pitch circle radius of the pinion (the driven gear). 





———— A: 
— On 





— 
— 
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d Draw OB to represent the 26 que e. Ze 


P.C.A.gwtan”? 2 P.CA., tan] 
It follows from trigonometry (pages 427, 428) that 
p C.A. 63°26" P.C.A., =26°34' 


Then, by RD UM 
R.=8 sec 26°34 — 1.5 sec 63°26’ =3,35” 


e Returning to our earlier formulas, and submitting values now known 


we have : 
4-57 i =0.1000" 
1.157 1.157 


E apr 10 =0,1157" 


f Now we are ready to find the addendum angle and the dedendum angle. 
, 0.1000 


Z add=tan” 3.35 


By logarithms, (pages 90, 91) 
| log 0.1000 =  9.00000—10 
—log 3.35 =-0.52505 
log Zadd = 8.47495—10 
Referring to a table of logarithms of trigonometric functions (pages 
Aff), 


log^* Zadd=1%43' 





Similarly, 
a Z deo = tan." Ee 
log 0,1157 =  9.068383—10 
—log 3.35 = — 0.52505 
log Z ded = 8.53828 1 





log” 1 8.539828 — 10 =1°59’, 
These values will be the same for both gear and pinion, 
g To find the outside diameter, we must first find the angular addendum, 
SE | O.D. 2 P.D.4-2 A.A. 
In Fig, 8, the sides of Z 0 are perpendicular to Z P,C,A.,. 
Z Bes Z P.C E | 


es og 


— 


and 
A.A. A COS P.G.A.: 


-i cos 63°30’=0.045" ` 
O.D.,=6 (20.045) =6.09" 





A.A. = A sin PC A, 
-ib sin 63°30 =0.087" 
O.D.,=3 (20.087) 2.17". mone 


h As a Se step, let us go back over the computations and set up the 
specifications in tabular form, so that we may have them ready for use: 
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Specifications 

: GEAR PINION 
Outside diameter 6.09” le 
Pitch diameter 6.00” 3.00” 

Diametral pitch 10 10 
Pitch-cone angle 63°30 . 26?30' 
Pitch-cone radius 3.00" 3:39” 
Addendum angle 1°43! 113" 
. Dedendum angle 1759! 1°59’ 


APPLICATIONS Most of us are familiar with the use of thermo- | 


TO HEAT stats to set in operation a heating unit to supply 
heat for raising the temperature and, when the 

desired temperature has been reached, to break contact, thereby open- 
ing the relay and shutting off the heat. Calculating the construction 
of a thermostat calls into play a number of interesting mathematical 


formulas. 





Illustrative Problem 


Construct a thermostat which will touch off a relay at any tempera- 
ture between 60° and 80° F. to which it may be set. (The instrument 
should be sufficiently sensitive to respond to a change of 0.5 degree— 
that is, it should actuate the relay within 0.5° of the temperature 
for which it is set.) The voltage available for operating the relay 


is 40 volts. 






a The temperature-responsive unit ES l 
is to bë a bimetallic strip of invar- Æ nichrome 
nichrome 0.04” thick. The over- m 
all dimensions of the unit are not E WIER E 
to exceed 1.5" in width nor 4" in | 
temperature t, A 


length. (Fig. 9.) ! 

If at temperature fo the strip, a . (a) 
solid welded piece, is straight, the 
strip will “belly” at a higher 
temperature, fi, because the 
nichrome will be slightly longer 
than the invan: -Atoa «cortan KR | Ce 






temperature, the strip will just EE = 
make contact at C. This contact P (b) — 
can be made to close a circuit to E 

Ig. 


the relay. 
b The voltage which will pass 


through the circuit to be opened and closed at CC" is 40 v. Since we wish 
to be sure of positive opening and closing of the circuit for a differ- 


ence of 0.5%, we must set our tolerance much closer. 


Using 5 as a factor of safety, we set the temperature tolerance at 0.1°. 


y 


————— 


c The thickness of air which will jesse arcing of 40 v is about 1850 








"ec! EIA 
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Hence, a temperature change of 0.1? must produce a diferenco of at 

least 0. 00054" in the distance, CC”, or 0.0054" per degree. 
d We obtain an estimate of the curvature of the strip thus: 

.. In Fig. 10, we represent a segment of 
the strip which is exactly 1 unit long at 
the temperature, fo, for which the 
strip is straight. 

We take the thickness of the invar 
portion and of the nichrome portion 
separately. 

Fig. 11 shows schematically the 
curvature of this same segment at a 

| 2 higher temperature, /1. 

The dotted lines drawn through the 
middle of each semi-strip are called 
neutral axes. 

While the inner arc of the invar semi-strip is shorter than its outer 
arc, the average is its length along the neutral axis, S; 

The average length of the nichrome semi-strip is Sy. 

At the temperature, Ze, Sn will be greater than S; because the coefficient 
of expansion, én, of the nichrome is greater than the coefficient of ex- 
pansion, e;, of the invar. 

$4 —l--es(fh— to) 
S = lJ-e;(/a— to) 

These are the lengths which the two 
segments wòuld assume as a result of 
the expansion due to heat. In actual 
fact, there will be elastic resistance to 
the expansion, but we shall neglect 
that for the moment. 

e Thus, we can derive an expression 

- which will give the radius of curvature, 

q, in Fig. 11. Define p as the radius to 
the arc midway between 5; and Sn, and 
put 4 for the semi- thickness of the 
strip. Since the angular measures of tiet arcs, S; and S,, are the same, 


EE 





temperature t, 
(a) 
Fig. 10 














` SE = e ia 
š : T 
f Solving for =, the curvature, - 
1 
e (Sy — S;) Ei (Sn+S;) 


1 2($,—5, 
e a(S,+ S) 
which, upon substituting the values in step d, becomes 
1 alien — 63) (tito) 
e a(2+[en+e;] [5—£4]) 
2 
> 2-Hen- ej [41 —£o] 


$ Since the factor , can never differ from 1, within 
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the range of our problem, by as much as 1 part in 1000, our solution will 
be almost as accurate 1Í we write 

I.e) Mirto) 

S a 





e H Lo ried . ^ D . 
h As the coefficient, SS *, is constant for the strip, the curvature is 


proportional to the difference in temperarure, ff We designate 
this coefficient as 2, whence 
1 
° = b (A => to) e 
In this case,  e¿=0.000001 
én 7: 0.000020 
a=0.02 
ne — > ` —0.00095 


Ta ¿Sa 0 DOE (^ 719). 


If the strip is fixed at one end, as in Fig. 9, the displacement at the 

other end may be calculated from 

the curvature. Here we resort to | 

simple geometry. - O , C 

In Fig. 12, 
OC =the original, or undeflected, 
position of the strip 

/=length of the strip 


Ee 


X° 





! | 1 
OC'=an arc of curvature -, P 
representing the deflected 
strip. | 
` The distance, Z, between C and | li 
(a) (b) 


C' is very nearly perpendicular to | 
OC. ¿So also as the lines CA, the Fig. 12 


extended radius through C' (The | 
Inclination of the line is purposely exaggerated in the diagram.) 


The triangle, OCP, where P is the center of curvature and OP = o, is 
shown increased in size in Fig. 12b, where 
3 | oT PRCP?, 
From Fig. 12a, C'R= CP -— o. 
Then, since we have agreed to consider CC'— CR, 


Z2\2 
CC'zCP—9p- (92412) të — e= (1-5 E = f. 
Expanding the power of the binomial, we get 


ig) lue JUN EE mL 


k The powers of S inside the brackets in this equation compose a series 

















| 4 


E 


TEA 
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which converges to a sum very small compared with 1. Hence, we have 
an accurate approximation when we write: 


[2 


Using the value of : in step h, this becomes 


h=> bl? (£1 — Zo). 


Since 2 and / are constant, the motion of the free end of the strip is 
thus found to be approximately in proportion to the temperature change. 

A strip of nichrome-invar 4” in length and 0.04" thick would yield for 
the coefficient of 4 —£, 


— 0.00095 . 16=0.0076" per degree C. or about 0.0042" per degree F. 


Recalling the requirements we are aiming to fill, we find that such a 
strip would be insufficient. (We require a motion of 0.0054" per degree 
of temperature increase plus an allowance of one-fourth or one-third for 
the neglected effect of elasticity.) Finding, however, that the order of 
magnitudes is nearly what we require, we cast about for a method of modi- 
fying the operation of the device to secure a slightly greater response. 
An arrangement in the form shown in Fig. 13 suggests itself. 


The bimetallic strip, $, is in the form of a circular arc. One end 1s riveted 
at F to a fixed standard. At the other end, a finger, K, made of some 
conducting metal, is riveted at R, perpendicular to the arc. Temperature 
changes affecting the radius of the circle produce changes in the position 
of R, causing motion of the finger, K, which amplifies the response. 

Putting o: for the radius of the circle at temperature 4, we may 
obtain, by the same derivation as before 


1 
— = (tı — to) 
Pl | f 
where now, however, fy is a parameter, not neces- 

sarily a temperature at which we can arrive. 


dien 
Putting zs for the curvature of temperature Za, 


v2 


1 
— e AES 
äech 
By subtraction, 
Pri 
——==b(to—1). 
E (12 —f1) 


The geometry of the arrangement in Fig. 13 is 
shown in Fig. 14, where KF 1 AF at F. 

Lay off radii OF and OoF = pn and o. 

With these radi, draw circles tangent to 4F Fig. 13 — 
at F, which represents the fixed end of the strip. | 

The free end of the strip at the temperature, 4, is at the point, Ri, 
located on the larger circle at the point which is at a distance of / from 
F along the circular arc which passes the long way around. (Here / is 





the length of the strip.) 














EA CESE ae 
"> 


—— 
= => 
— 
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At the temperature, fp, the free end of the strip will be at Rz, the 
point on the smaller circle an arc distance / from P, measured the long 
way. | 
Then the finger will reach to Ki, on radius OR: extended, at tempera- 
ture /;, and to Ke, on radius OzR extended, at temperature 7s. 
K¡R¡= KoRo, since both equal the length, k, of the finger, 
o Designate the angle swept over by & in passing from K, to Ke (the angle 
. between OR: and OsRs, Z RiGRe, where G is the point of intersection of 
the radii extended the other way) as 8. 


| Writing FR, for the short arc between F and R, we have: 
ES. Heen 
FR,+I=2%o 


i 
Hence, £ FO Ry än = 
1 1 


dropping the subscripts from # and p where their differentials are not 
involved. I 

The arc which the length, /, of the bimetallie strip forms about the 
circle with radius of o is a little shorter than the circumference, Zee, the 
amount of deficiency depending upon the size of ZFOzRz. Since this 
angle 1s to be as near O as construction wil permit, we may write the 
approximation, 

[7 6o, 


Gp being just a little shorter than Zoe, : 
The path traversed by the end of the finger in passing from Ki to Kg is 
virtually an are, 0, of a circle about G with a radius of r. Putting d for 


the length of the arc traversed, 


d=r0 
which, from step o, = brl(ts— t) 
and from p and q =6bp(p+k) (2—4). 


in the present step is Dei, 
Thus, the response per degree of the circular are is 2 times (ideally x 


times) the response of the straight strip. 







— 
Wawas 


www ax 2 
Reng 
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If the finger, k, is also made of the bimetallic material, the response 
factor due to its heating, cf, is added; thus, for this case, the displace 
ment, dz, is given by 


: 
deitsch (t) +3 tel =60 (otek bys E) (=A). 


Let us see how this form of element will work out in the given problem. 
We must choose e and £ within the condition that Ze may not exceed 
1.5”, the over-all width, and 22 +4 must not exceed 4", the over-all 
length. It is easy to see that, under these conditions, the largest value of 


the factor, p?+- tte, occurs for p=1. 





Writing down the condition, 
2o+k=4 
and differentiating with regard 
to p, a 
SE 
dk 
pm —2. 
The derivative of p?+ ek i k? is 
die ERAR 
Zotk+e T k do 
age 
or, using Se —2, 
2 
BS t Fig. 14 ` 


Since the derivative with respect to o is always positive, the greatest 
value of the factor occurs at the largest permissible value of o, which 1s 
0.75". The corresponding largest permissible value of & is 2.5". 

We therefore obtain a circle with radius of 0.75" and a finger 2.5” long as 
our temperature responsive element. 


Thus, p?+ 1 k2=2.57. 


Since 2— 0.00095, the equation in step r reduces to d¿=0.0074 (£5 — 4). 
The motion is 0.0147" per degree Centigrade or O.0081" per degree 


F ahrenheit. Allowing a reduction in this motion of > for the effect of 


the elasticity, we shall still have left 0.0060" per degree Fahrenheit. 
Thus, we have now met the condition imposed for a temperature tolerance 
with a motion of not less than 0.0054" per degree Fahrenheit. 

The element appears as in Fig. 15, where the screw, S, has a large head 
graduated for temperature (and insulated from the screw proper). It is 


. convenient if less than one full rotation of the head covers the entire 


temperature range. Since the specific temperature range is 60? to 80? F., 
the span is 20? F. 
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At 0.0060” per degree Fahrenheit, this results in a total range of distance 


SK, equal to 
20X0.0060=0.12. 

A screw with 6 threads to the inch will 
therefore be satisfactory for $. One com- 
plete revolution of the screw will give a 
motion of 0.167" to S, and the required 
temperature range of 20? will therefore be 
covered by 0.72 of one revolution. Then 
1° E, will be represented by 0.036 revolu- 
tion, or 19? on the head of the screw. (By 
attaching the screw head to the screw 
proper by means of a friction set-scréw, 
we can calibrate the temperature scale on 
the screw head.) In actual graduation of 
the screw head, temperature tests are 
made to obtain the exact scale. We have 
here computed the scale with sufficient 
accuracy to en8ure that the parts made 


operate together within the desired limits. 





(a) 
Fig. 15 





(b) L 


to the calcülated dimensions will 





Illustrative Problem 


Power for a 200-Kw generator is to be furnished by a steam turbine. 
The over-all efficiency of the plant will be 20%. The cross-sectional 
area of the chimney to be erected for the disposal of flue gases will be 
determined by their volume. Compute this volume, given the fol- 


lowing data: 
Flue gas temperature 
Excess air supply 
Coal analysis: 
High-grade bituminous 
B.T.U. 


ib. 


Moisture 


a Since the efficiency of the plant is given as 20%, we proceed on the 
assumption that we must design for 5 times the quantity desired. 


600° 
50% 


17% 
1% 
BE 


200 Kw x 5 = 1,000 Kw. 


by weight 
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b Knowing that there are 746 watts in 1 H.P. we convert Kw to H.P. by 


along By E a —1,320 H.P. 


c Making use of the fact that 1 H.P. will furnish 33,000 ft.-lb. per minute. 
and that 778 ft.-lb. equal 1 B.T.U., we can now compute the number 
of B. T.U. required per minute. 


1,320:33,000 — 56,000 B.T.U. 
778 min 


d We find from the data that 1 lb. of coal provides 14,000 B.T.U. There- 
fore, the coal consumption will be: 
96,000 ` 4 lb. 
14,000 ~ min. 
e Using this figure with the original data, we proceed to figure the weight 
of each constituent of the coal: 
Moisture 0.02 X4 =0.08 Ib. 
. Ash 0.05 X4 =0.20 lb. 
Carbon 0.77 X4 =3.08 lb. 
Sulphur ` 0.01X4=0.04 Ib. 
Hydrogen 0.05 X4 =0.20 lb. 


Nitrogen 0.01 X4 =0.04 Ib. 
Oxygen x 0.09 X4 =0.36 lb. 


ToraL 4.00 lb. 


f Since the ash produces no heat, we shall be no longer concerned with 

- that item. The oxygen and the nitrogen, also, have no heating value, but 
we shall need to consider them further in computing the volume of the 
flue gases. To that end, we first find the weights of the products of com- 
bustion, obtaining these balanced equations: 





3.08 Ib. Ib 
| ; € +O, Sek CO, 
12 44 
0.04 Ib. lb 
S +O, - SO, 
32 
0.2 lb. lb. 
2E» +0» oF; 2H.O 
4 e OO EN 
Š From these, we get: CO. = "4 x3.08=11.29 lb. 
S0, =53X0.04= 0.08 lb 
H.O=2x0.20= 1.80 Ib. 
15.1 ib: 


h Where did this additional weight come from? The weight of the coal, 
as found in step e, was only 4 lb. The difference between the weight of 
the three gases formed and the weight of the three elements from which 


they were formed is made up of the oxygen, which combined with those 
elements to form oxides. 
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_To provide for complete combustion of the fuel, an excess of air is required. 
Too little air results in the formation of carbon monoxide, CO, instead of 
carbon dioxide, COz. Since CO produces only one-third the amount of 
heat produced by COs, we naturally want to provide sufficient air to get the 
best results, 

The excess of air, however, should be kept within the smallest possible 
bounds because the unused oxygen, and all the inactive nitrogen, must be 
heated, with resultant waste in thermal energy. 

From step e, the weight of our three elements is: 

Carbon , Sulphur , Hydrogen || 2454 
208 P gap. T e e Deeds 

Subtracting this from the weight of the oxides, as found in step g, gives us 

m 13.17 —3.32 =9.85 Ib. 

i Since the excess of air must provide 50% more oxygen than is theoretically 

necessary, we must have 


0.85 "> -9.85+4.93=14.78 Ib., 


the total oxygen required. (The 4.93 lb. of oxygen remains uncombined 
in the flue gas.) 
j By reference again to step e, we discover that the amount of oxygen 
supplied by the coal 1$ only 0.36 Ib. This means that 
14.78 —0.36 2 14.42 Ib. 
is to be provided by the air sapply. 
k Since oxygen represents only 23% of air by weight, the total air supply 
must be: | is | 7 
14.42 x12 62.7 lb. 
1 The difference between this weight and the weight of the oxygen (step 
3) will represent nitrogen. (Other gases, such as argon, are present, 
but in such small quantities that we can neglect them in this type of 


computation.) Ç 
62.7 14,42 = 48.28 lb. 


m Adding the weight of the nitrogen present in the fuel itself (step e), we get ` 


48.28-1-0.04 = 48.32 1b. 
n From the burning of the fuel, 1.80 Ib. of water (HO) results. To this 
should be added the 0.08 lb. of moisture present in the fuel (step €). 
1.804-0.08 = 1.88 İb. 
o Before proceeding to find the volumes of the gases, let us tabulate the 
results of the previous steps: 


Five GASES 
CO 11.29 Ib.) « 
SOs 0.08 1b.f Step € 
HÔ 1.88 lb. Step n 
Os 4.93 lb. Stepi 
Ns 48.32 lb. Step in 


p These weights must now be converted into volumes at 600? F. and 
standard pressure. We learned on page 674 that a gram-molecule of 
any gas occupies 22.4 liters at 0? C. and standard pressure. 








wwe 
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Transformed to the English system of measurement, this would mean 
that a lb.-molecule of any gas at 32” F.and standard pressure would occupy 
358.7 cu. ft. 

We remember also (page 671), that, with pressure constant, the volume 
of a given quantity of gas is proportional to its absolute temperature. 
In the Fahrenheit scale, we obtain absolute temperature by adding 460? 
to the standard temperature reading. 

Tg=600°+460° = 1060? 
To= 32°+460°= 492° 


We may now set up our equations for volumes: 





ae 11.29 1060 
Volume CO2= EC? X398.1 mer = 197 cu. ft. 
Volume SO, = O08. x358.7 Xp = lcm. ft. 
Volume H,O= EE 81 cu. ft. 
volume s = 528 X958 T» = Mäzen dft. 
Volume Na =222x358.7xX =1,890 cu. ft. 
TOTAL 1,728 cu. ft. per min. 


(The slide rule or logarithms are a great help here!) 


q An approximate value for the diameter of the chimney may be obtained 
from the formula: 


Do q Veluse of fiue gas per hour 
E 65 


Volume per hour=1728x60= 103,680 
1 [103,680 


— —— 


10 65 =3.95 or approximately 4’. 


APPLICATIONS | Transmission of power over long distances is 
TO ELECTRICITY | effected by means of alternating current—not 

by direct current. This is because of the ease 
with which the voltage of A.-C. current may be transferred from the 


thousands of volts in the transmission lines to the 110 volts used in 
supplying houses with current. 





Lllustrative Problem 


A plant erected 30 miles from an electric generating station will 
require a power line connecting it to the station. The total horse 
power of the equipment installed in the plant is 1250, all electrically 
driven. The efficiency of the electric transmission system in the 
plant is reckoned at 75% of the total power supplied to the plant. 
The losses in transmitting the electric power jos the generating 


station to the plant are to be held to 10%. Determine the voltage 
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at which the power is to be transmitted, 50 tons of copper wire having 
been allotted to the construction of the line. 
a Let O =the power requirements of the plant. 
Then H.P.— QX transmission efficiency within the plant. 


Delivered 
voltage 








Generating’ -- 
station = = 
= Fig. 16 


If Q .1s to be expressed in kilowatts, the installed H.P. should be con- 
verted into kilowatts before being equated. 
1 H.P.=746 w=0.746 Kw. 
0.75 Q=1250 X0.746 Kw. 
O =1245 Kw, 
the amount of power to be delivered in the plant, after line losses in 
transmission but before the losses suffered in the plant. 
b The power cannot be transmitted at the “load” voltage (ranging for 
ordinary equipment from 100 to 1000 volts) because of the following facts: 
(2 The 50 tons (100,000 pounds) of copper, distributed over 30 miles 
(158,400 feet), will give a strand weighing 631 pounds per 1000 feet. 
By reference to Table LX XI (page 762), we find that this approximates 
gauge 0000 and that the resistance 1s about 0.05 ohm per 1000 feet. 
The total resistance of the 158,400 feet of line in such a case will, 
therefore, be about 


158,400 
1,000 


(zz) If the total plant load, Q (21245 Kw), were to be delivered at 
1000 volts, this would obviously call for a current of 1245 amperes, four 
or five times the safe carrying capacity of the wire with which we are 
dealing. Furthermore, the voltage drop over the line resistance of 8 
ohms for a current of 1245 amperes would be nearly 100,000 volts. 

Actually, only about 1 ampere would pass through the circuit under the 
glven conditions, and the line losses (the energy transformed into heat 
as the voltage dropped along the transmission line) would absorb over 
90% of the energy delivered to the line. 

(Zi) Through a transformer at the generating station, we must step 
up the voltage of the electric power which is to be delivered to such a 
level that the line loss will amount to only 10% of the power delivered. 

C As the first step in determining the voltage, in Fig. 16, let 
V=voltage at the power station 
I == current through the circuit 
E=voltage drop along the transmission line 
(between the power station and the load) 
P=total power delivered to the circuit. 


x0.05 2 7.92 (approximately 8) ohms. 





E E 
Then, since Z => 1 =-3 amperes; 
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Multiplying J by E, we get the line loss, 


D wattsel25 E2 (0-4 Kw. 


d The load is 1245 Kw. Hence, the total power delivered to the circuit is 
P=1245+1.25 E? -1074 Kw. 
e By specification, the line loss is to be 10% of the total power delivered. 





EE 1245--1.25 E? . 10-4 
E oT^ es A E + ° dt, S B ; 
1.25 Et. 1074 
| 12.5 E2.107*= 1245--1.25 E? .107* 
| (12.5 E2—1.25 E2)10-*- 1245 
11.25 £?.107*— ae 
| 1074. P - 1 52-1107 





Ei-l0b5 Kvy=1,050 v, 
the voltage drop in the line transmission. 


| | f Substituting this value of E in the formula developed in step c, we get 


é We may express the total load of the circuit in terms of the station 
voltage and current by " 
P= VI w. 


h Substituting for E in the formula of step d, we have 
P=12454-138=1383 Kw. 

i The term, 138, is (to the extent of the three significant figures retained) 
equal to the 10% of the total load. This checks the equation, the term 
being the line loss. 

j Substituting for P and 7 in the equation of step g, we get 

1983 =131 Y 
1000: Ky. 
| A standard 1100-volt transformer will be required. This permits 


keeping the power losses in the transmission line down to 10% of the total 
power delivered to the line. 


APPLICATIONS One of the difficult factors in ballistics is to 

TO GUNNERY | analyze the part played by wind friction. Actual 
——— COmputations in the field cannot afford to ignore 
this important factor. In the following problem, we shall, however, 
ignore 1t for the time being. 





H 


Illustrative Problem 


A 75-mm. gun, firing HE shell, is located with respect to the ob- 
server, O, at 1,100 yd., back-azimuth 270. Using the nomenclature 
of Fig. 27, page 746, we have the following data: 

OT=4,899 yd., azimuth 000 
OP —3,000 yd., azimuth 120. 
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We are to find the firing angle, 4, and the distance from 
the gun to the target, GT, by graphic and by analytic 


T methods. 


a Using a scale of 1 inch to 1,000 yards, we lay off 
TM (Fig. 17), and choose on 1t some convenient place 
for point O. 


Since OT has an azimuth of 000, or O?, it will lie 
on TM. T is located at a distance of 4.899" from O 
on TM. The back azimuth of OG is given as 270. 
The azimuth is equal to this value less 180° or 90°. 

This means that OG makes a 90? angle with OT, 

measured clockwise. Therefore, we lay off OG per- 

pendicular to TM, with a length of 1.1" in accordance 
with our scale. | 


l | b To locate the line, OP, we use a protractor, find- 
te ing an angle of 120? to correspond with the given 
azimuth. 
On this line, at a distance of 3” from O, we mark 
C the point, P, to represent the given distance of 
> 3,000 yd. 
Then we connect PG and TG. 
By the use of the protractor, we find the angle 
between these two lines to be 145°. 
Since this is the angle, 4, the first part of 
our problem has been solved. 


4889 


c We now measure GT and find it to be 5", 
representing a distance of 5,000 yd. Our prob- 
lem has now been solved graphically. 


d Analytically, we proceed by drawing a 


sketch (Fig. 18) like that in Fig. 17, but not 


€ necessarily to scale. On it, we place all 

available information. 

Ay 

xÜ WY 1000 yds 145" e The distance, GT, is easily 
obtainable by the Pythagorean 

theorem (page 268): 

GT = vV 1,000? -4,899? 
000 yd. 








f The firing angle, 
Z TGP —360? — 


P 


Fig. 17 


Z TGO— ¿Z PGO. 








NE ` 


— 
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é We obtain the value of Z TGO from the trigonometric relationship, 
eon =0.20000. 


cos Z TGO 5:000 
| TGO=cos~! 0.20000 — 78°5’. 
h To e ZOGP most easily, we resort to the law of tangents (page 417): 





SEN 50000. 
tan E Lët 


B+y =180° —30? =150". 
: 2 +1) =75°, 
tan Z5°=-3:732009. 
By substitution, 
tan 5 (8—1) = 000 X978205.— 1.86603. 
Ç (B=y)= 61°45/. 
B—y =123°30’. 
We are interested in Z6: 
8 —y =123°30’ 
EY = 150° 
=: 15615” & 06 P. 
i Z TGP 360? —78.5° —136°45’ 2144.75? 
or 144%45”, 

This agrees very closely with the graphic 
result; hence, we may assume our analysis to 
be correct. 

By means of the formulas on page 750, 


_ Pisn2g _ (1755)? sin 26 





Caño 


32.2 X15,000 
(1709)? ^ 


sin 2¢= 


£ 
By logarithms, 
log 32.2 =1.50786 log 1755=3.24427 
log 15,000 =4.17609 log (1755)2=2 log 1755 — 6.48855 


10.00000 — 10 
colog (1755)? =3.51145—10 — 648855 
log sin 24 =9.19540—10 colog (1755)?— 3.51145—10 


Erom the table of logarithms of trigonometric functions, we find that 
the corresponding angle has a value of 9°. 


Then ¿=> es 45°, 


Si 


The time of flight is found from the formula, 
T- 2vsin $ 2X1755Xsin 4.5? 





g 2E 
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Resorting once more to logarithms, 
log 9510 = 54591 
log sin 4.5°= 8.89464—10 


colog 92.2 = 8.49214—10 
20.93209 — 20 
log T = 0.93209 
Ẹ = 8.00" 


k We now wish to find whether or not the projectile will clear a hill whose 
crest is high above a point 3000 yd. from G on GT. 
To find the equation of y, we make use of equation III on page 750: 
| 6 


=x tan g ——————— x? 
J 8 Vo? cos 


4 , 16.1x81,000,000 
= 9000 tan 4.5 (1755)? cos? 459 


cs (UD — fraction as above 
By logs, 


log 16.1 zx 120689 
log 81,000,000 = 7.90849 
colog (1755)? = 3.51145—10 
colog cos 4.5? — 0.00268 
12.62945 — 10 
log fraction — 2.62945 
: fraction 420. 
Then y — 706 —426 = 280’. 
Since the hill is 500’ high, we shall, obviously, have to find a different 
trajectory. 
I As shown on page 751, we use the complementary angle, CH GE 
„1 XO1UUU, 
Then y =9,000 x 12.706205 (1755)? cos? 85.5* 
—114,356 — fraction as above ` : 
By logs, 
log 16.1 = DOS 
log 18,000,000= 7.90849 
colog (1755)? = 3.51145—10 
ele "e 2241070 


14.84784 — 10 
log fraction = 4.84784 
Then y —114,356 — 70,540 = 43,816’. 
m This will obviously clear the target. It 1s interesting to point out that 


the time of flight is greatly increased. 
p= 29 sin ø _ 2X 1705 Xsin 85.0" 





g 92.2 
log 3510 =::3.04031 
log sinë5;5° = 9.99866—10 
colog 32.2 = 849214—10 
| 22.03611 —20 
log T SIE 
Te oce WIRE: 


As pointed out in the article on gunnery (page 752), the actual range 
of the gun for a given elevation might, because of air resistance, be only 
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70% of the theoretical. Reference to a firing table shows that, with the 
data, and with an elevation of 4.57, the actual range would be only 3,000 yd., 
just 60% of the theoretical value found above. 





In the corner of almost every map, we find a “scale of miles”, 
which is placed there to help us make this interpretation. (Fig. 19.) 
In comparing one map with another, we need to note whether or not 
the two maps are drawn to the same scale. 


Opening at random an atlas which stands on a table at my elbow, I note 
a map of the United States drawn 
to a scale of 1 :12,500,000, a map of 2 wens English miles 
South America drawn to a scale of © (00 200 300 400 500 
1 : 23,500,000, and a map of Australia 


A  Kilometers 
drawn to a scale of 1:26,000,000. o 200 400 600 800 
Simply looking from one map to Fig. 19 


another will not give me a clear con- Ze ; 
cept of the relative sizes of the geographic units portrayed, 1 must translate 
these scales into something comprehensible. 


Scale drawing 


We can best get at this matter by first attempting to make a scalar 
representation of an area which we can readily see. For instance, the 
library reading-room in the PracricaL MATHE- 

MATICS office is approximately 15’ by 25’. There are | | | 
two doors, one on the north side and one on the west 
side, and four large windows, all on the south side. 
If we wanted to send you a life-sized floor plan, 
we should have to use a sheet of paper far larger 
than could conveniently be folded up to insert 
in the magazine. By resorting to a scale drawing, 
we can readily represent to you the proportions 
between the various parts of the room named. 


By letting E — 1^, we could reduce the drawing to 


the size shown in Fig. 20. This is a very small 7 
; ” Scale za] 
drawing, however. By taking E l, we can A 
; 4 Fig. 20 
still give you a drawing small enough to fit readily 
into the compass of this article and yet large enough to be read with 


some degree of accuracy, as in Fig. 21. Comparison of Figs. 20 and 21 
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shows a similarity of shape and of location of the various parts. Since 
Fig. 21 is done at a scale which is four times as large as Tie 20, one 
might suppose that Fig. 21 would be four times as large as Fig. 20. 
Inspection of the two figures shows that such is not the case, however. 
Fig. 21 is sixteen times as large as Fig. 20, since both the length and the 
width of the drawing are increased four times. 


Az=l X1 


a 

assis Xws b 
EE C 
W3 = W X4 d 


Substituting c and d in b, 
Aslla X4) (we X4) 
Al, X4wo 
16(1/, X we) 
1645. 

Since Fig. 20 is drawn at a scale of = 1^, it is evident that the ratio, 
reducing feet to sixteenths of an inch, is 1:192. The actual room, 
then, is (192)? as large as the drawing. In the case of Fig. 21, the 
scale is 1:48, reducing feet to fourths of an inch, and the actual room 
is (48)? as large as the drawing. 


Transition to map-reading 


Obviously, in the case of maps, the scale is even more greatly 
reduced. When we use 1 inch to represent 1 mile (which is 63,360 


inches), the map is drawn to a scale ae as great and so represents 


an area which is (63360)? the size of the paper on which it is drawn, 
or we may state it thus: 1 square inch on the map represents 
4,014,489,600 square inches of land or water area. 

. The fractional form of reporting the scale is called the representative 


fraction (abbreviated R.F.). Other common scales for military maps 
are | 


6 Inches to 1 mile 


cu s 
10560 


25 inches to 1 mile 





10 
20344 
The most common scale, used in France, Germany, most of conti- 
mental Europe and the United States is 
x Ms 
100,000 
Given the scale of the map, you can readily work out for yourself 


its R.F.; given the R.F., by reversing the process, you can just as 
readily work out the scale of miles. 


] cm. to 1l Km. 
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Use of the military protractor 


In reading or marking directions on a map, we are greatly assisted 


era 
1: 250,000 
MILES 
YARDS 1:250,000 
10000 15000 


2000 150,000 1000 
DH $ 





by the use of the so-called military protractor (Fig. 22). 


The graduations along three edges are accompanied by two sets of 
figures, one reading from 
0° to 180? and the other jy 
from 180? to 360". 

In aviation and navi- 
gation work, directions 
are always read from the 
North, clockwise. Hence, 
to read any angle from 
0° to 180°, we place the | 
protractor with its non- OI 
graduated edge on the 
right-hand side of the 
North-South line, while, 
to read angles greater 
than 180°, we place the 
protractor with its non- 
graduated edge on the 
left-hand side of the (a) idu (b) 
North-South line. 

Having located the desired spot, we connect it with the center of the non- 
graduated side (indicated in Fig. 22 as C), and, with the aid of a ruler or 
straight edge, note the point at which the straight line crosses a graduation- 
mark on the protractor. 

Thus, to locate 55°, we should proceed as in Fig. 23a; to locate 290°, we 
should proceed as in Fig. 23b. 


These protractors usually have additional scales making it possible 
to measure on the map exact distances. These scales resemble those 
- already mentioned in connection with Fig. 19, and the method of 
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using them is similar. Care should be taken to use that scale which 
is drawn to the same R.F. as the map used. 


APPLICATIONS | The broad subject of navigation fills many 
TO NAVIGATION | ponderous tomes. In the previous article on 
= O he Subject in PRACTICAL MATHEMATICS, we 
considered some of the mathematical bearings of the subject. In the 
present problem, we shall see some of the interesting ways in which 
mathematics is brought into play in the solution of an actual problem. 


Illustrative Problem 
A ship sails from St. John, New Brunswick (Lat. 45?15' N, Long. 
66°09’ W) on September 4, 1943, bound for New York. Its course 1s 
to pass east of Nantucket (Lat. 41°15’ N, Long. 69°57’ W). The time 
of departure, 11 p.m. — 23^. The speed for the first hour (in the harbor) 


is 7 knots; thereafter, 12 knots. The weather reports indicate fog 


in the sound. As a result, the course is set to clear Nantucket by 16 miles. 
a First we determine the bearing of the course (middle latitude). 
Difference in longitude (St. John to Nantucket) 3*48'— 228' 
Middle latitude 43°15’ 


Cosine middle latitude 0.72837 
Departure (228 X0.728) E mi. 

| 150 
Difference in latitude 240 
tan (180? — bearing) 0.62500: 
Bearing (180°+32°) Ab 


Distance to point 16 mi. E of Nantucket, 240 sec 32? =283 mi. 
Approximate distance to be sailed mg ee eg 67° ee 
in first 20 hours 240 mi. 

b In determining the position on the 
first day at sea, the navigator 
first determines times and suitable 
points for observation: 

i About one-half hour before 
sunrise 
ii The noon sun 
iii In the afternoon 
iv About one-half hour after sunset. 
The ship's watch is set 4530™ fast 
of Greenwich Civil Time, correspond- 
ing with Local Civil Time at 67?30' W. 
The ship's chronometer is on G.C.T. 
(by radio). 
The following data from the Nautical 
Almanac show bodies visible at the 
desired times: 




















TABLE A 
Approximate longitude, 68° W 


Locas CiviL GREENWICH GREENWICH Locar 
OBJECT TIME Cut Time Deciination Hour AncLe Hour ANGLE 
(Watch) (Chronometer) (approx.) (approx.) 
Polaris 5h 9h30m 4-89? 100? Oa WW. 
Jupiter 5h Ob30m 4-17? 349? 4977 TS 
Sunrise 5h30m 10h + 7? 330° 98° E 
Moonrise 10h54m 15h24m — 13° 947? 81° E 
Noon sun 12h 16h30m fi: 68° 0° 
Sun 14h30m 19h + 7? 1057 377: W 
Moon 14h380m 19h —13° 39° 29°. E 
Sunset 18h29m 22h59m + 7° 158° 90° W 
Polaris 19h 23h30m +89° 310° 118° E 
Alpheratz 19h 23h30m 4-29? 336° 92° E 


Jupiter, with a somewhat greater hour angle and greater declination 
than the sun, will rise sooner. Thus, Jupiter and Polaris may be used to 
give a position at 5 a.m. The sun and the moon will both be visible in the 
early afternoon. Just after sunset, Polaris and Alpheratz will be visible, with 


Alpheratz toward the east. 
i The first observations are taken at 5805™ on the watch (chronometer 


930% G.C.T.) and give the altitude for Polaris (corrected for instrument 
error, but not for refraction and horizon dip) 45°13’.9 and of Jupiter 


21°08’.8. 


TABLE B 
OBSERVATIONS 
September 5, 1943. G.C.T.—Watch time = 4b30m 
OBSERVER'S 
OBJECT WATCH ALTITUDE QUADRANT 
Polaris l 5x05m 45?13'.9 N 
Jupiter | 5h05m 21°08’.8 E 
Noon sun (L.L.)* 12h01m 537319 S 
Sun (L.L.) 14h30m 41?24'.8 SW 
Moon (L.L.) 14h35m 2i SE 
Polaris 19h00m 41?38'.0 N 
Alpheratz 19h00m 16?43'.7 NE 


* L.L. =lower limb 


Before reducing these observations to lines of position, we wish to know 
our dead reckoning position at the time of the observations, 5h05m. This is 


computed in the first column of Table C and found to be 67°00’ W, 44°17’ N. 


We determine our latitude from the Polaris observation by correcting 
the observed latitude for refraction and horizon dip (Table D, column 1) 
and then applying the correction depending on the hour angle (Polaris being 
not exactly at the pole), taken from the Nautical Almanac. The latitude 
determined from the observation is 44°18’.5 N. (The latitude by dead reckon- 


ing had been 44°17’.0 N.) 


To plot the Sumner line for the Jupiter observation, we need the alti- 
tude and azimuth of Jupiter computed for some assumed near-by position. 
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TABLE C 
COMPUTATION OF DEAD RECKONING POSITIONS ` 
September 5, 1943. | 











Speed : 12 knots. Bearing of course 212° = C cos C=0.848 
sin C 0.530 
Run 1 Noon 2 3 
Initial time TIT 0505 0505 1435 
Initial longitude W 66°09" 67°03/.4 67°03'.4 68°15/.9 
Initial latitude N 45°15’ 44?18'.5 42?18'.5 42*45/.2 
DUE MR CUR 5 
Elapsed time T 615 hr. 95 hr. 45 hr. 
d = Distance 68 .5 83 114 53 
d cos C= A Lat. —58'.0 —70',4 —96'.6 —44'.9 
d sin C = Departure 36.3 mi. 44.0 mi. 60.4 mi. 28.1 mi. 
Middle latitute 4446'.0 4343'.3 43?30'.2 12?22'.8 
cos Mid. Lat. 0.7100 0:722 0.7253 0.7387 
A Longitude* Stet 61’.0 033 39 1 
D.R. longitude ——— 67°00'.1 68°04’.4 68°26'.7 68*54^.0 
D.R. latitude 44?17'.0 4308'.1 42?41'.9 42°00'.3 
Final time i 0505 EE EE 1435 1900 


* A Longitude * departure + cos middle latitude 


TABLE D 
SIGHTS FOR LATITUDE 
OBJECT OBSERVED Poranis (Dawn) Noon Sun Poranis (Evening) 

Watch time 5h05m 12h01m2 19h00m 
G.C.T.—W.T. 4h30m 4h30m 4h30m 
Greenwich Civil Time 9h35m 16h31m2 a 23530m 
Greenwich Hour Angle 100°44’.9 68?05'.2 310°06’.0 
Assumed longitude W. 6/*0051 68°04’.4 68°54’.0 
Local hour angle 3344'.8 b 2411270 
Observed altitude 45?13'.9 53°37'.9 41°38’.0 
Corrections: | 

Refraction and reduction —1'.0 15^3 zug 

Horizon dip —4'.6 —4',6 —4'.6 
Corrected altitude 45?08'.3 3611.4 e 41732'.3 
Declination of sun SEH 
Hour angle correction —49'.8 Q'.0 --29'3 
Latitude 44?18'.5 43*07'.5 42?01'.6 


a Local Civil Time of Local Apparent Noon (transit of sun across meridian) is equal to 12hoom, minus 
Equation of Time. Equation of Time at noon, September 5, 1943, is + 11,1. Hence, L.C.T. of App. Noon is 
11h58? 9, G.C.T.—L.C.T. for longitude 68°04’.4 =4532™ 3, Hence, G.C.T. of LAN, is 162312 2, 


b The discrepancy of 00'.8 is due to dropped decimals in computing the time. 


¢ Zenith distance. 
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We take this position as 67°05’.7 W, 44? N, the assumed longitude leading 
to a local hour angle expressed as a whole number of degrees (See Table E, 
column 1) so that the solution of the astronomical triangle involved can 
be located immediately in H.O. 214, where we find, for Lat. 44°, H.A. 77° 
and declination+17*01'.4, the altitude, H.=20°57’.2, and azimuth in Table E. 








TABLE E 








SIGHTS FOR SUMNER LINES 
* Compultaticns 
| OBJECT OBSERVED JUPITER Sun (L.L.) Moon (L.L.) ALPHERATZ 
Watch time 5hQ5m 14h30m 14h35m 19h00m 
^ G.C.T.—W.T. 4h30m 4h30m 4h30m 4h30m 
| Greenwich Civil Time 9h35m 19:00m 19h05m 23h30m 
| Greenwich Hour Angle 9507057 105*1 7.7 4025.3 990 09.4. 
| Assumed longitude 67°05/.7 68°17'.7 68°25'.3 68°35'.7 
| Local hour angle TE E 94 E 28? E 93° E 
| A iat tude 44° N 43° N 43° N 42° N 
Declination of object +17° 01'.4 +6° 56’.1 —12° 56'.6 +28° 46'.7 
x Calculated (H.O.214) 
| Altitude Hc 20°59”.0 41° 27.8 2892747 16?44' 3 
| Azimuth 86.3 W 127 Ll E 148?.7 W 66°.1 W 
| Observation of altitude 
| Eye height QA fe 24. ft. 24 ft 24 ft. 
| Temperature (°F.) 61 19 79 72 
| Observed altitude 2108'.8 :41?24'.8 2 dd T 104377 
| Refraction and reduction —2'.5 +14'.9 +63'.8 —3'.3 
| Horizon dip —4'.6 —4'.6 —4'.6 —4'.6 
Corrected altitude Ho 21° 0177 4057 28?43'.9 16?35'.8 
Hc 20?59'.0 ZI 20 AAT 16°44’.3 
Ho—He ore oe +7'.3 +16.2 —8'.5 
Parallax 56'.9 
| Quadrant observed ge. SW SE NE 


The observed altitude for Jupiter, 21°08’.8, corrected for refraction and 
horizon dip, gives us H,—21?01'.7. The difference, H.—H.=2*.7, is laid 
off as 2.7 miles from the assumed position, 67°05’.7 W, 44? N along the 
azimuth of Jupiter. At the point so located, the Sumner line is drawn perpen- 
dicular to the line of azimuth (See Fig. 23). This line of position intersects 
the Polaris line (or Lat. 44?18'.5 N) at the ship's position at 5*05=, 
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ii The noon observation of the sun gives us a latitude. The latitude as so 
determined, 43°07’.5 N (Table D, column 2), agrees closely with the 
D.R. latitude for noon (Table C), 43°08’.1 N, and no change is required 
in the chart. 

iii The afternoon observations of sun and moon are reduced for Sumner 
lines (Table E, columns 2 and 3), for the sun at 145307 and the moon at 
14535", Shifting the sun line parallel with itself a distance equal to 1 
mile (corresponding with 5 minutes) along the bearing of the course gives 
us a running fix of the ship's position at 145357 (See Fig. 25). This 
position differs somewhat from the D.R. position at 14535™ (Table C, 
column Z) and a new course is plotted from the new fix, but on the same 
bearing, 212". 

iv The evening sights again correct the position (last columns of Tables C, 
D, and E, and Fig. Z5). Alpheratz is visible in the east. A light fog 
lies to the west. From this fix, 68°49’ W, 42°02’ N, a new course is laid 
out on the plotting sheet, bearing 212? as before. 'The lookout is told 
to keep a sharp watch for Great Point Light (70°03’ W, 41°23’ N) on 


the starboard bow. 


APPLICATIONS | Lt is one thing to plot a course for flying in 
TO AVIATION | still air” (which almost never exists) and 
- -< (quite another thing to figure one’s course in 
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wind must be taken into account as well as the speed of the plane. 
The direction from which the wind is blowing is also of great im- 
portance, as the wind may either help er hinder the airplane in its 
progress toward its destination. 


Wind drift 


In taking into account the force and direction of the wind, we must 
find the combined effect of the travel of the airplane through the air 
and the travel of the air over the ground. Here we have at least three 
distinct cases: when the wind is traveling in the direction which we 


wish the plane to pursue; when the wind is traveling in a direction 


exactly opposite the direction of the plane; and when the wind is 
blowing across the path of the plane. We shall consider each of these 


cases separately. 
WITH THE WIND 


When the plane is traveling in the direction toward which the 
wind is blowing, simple arithmetic addition gives us the solution 
to our problem. If we could imagine an object suspended in air making 
no speed at all, but offering no resistance to the wind, we could readily 
see that it would be blown in the direction in which the wind was 
traveling and at the same rate of speed as the wind. Since the airplane 
does possess speed of its own, we realize that its actual speed, when it 
is traveling with the wind, represents its own speed plus the speed 


of the wind. : 


airplane when the wind is blowing. Obviously, the force of the 
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Illustrative Problem 


Given an airplane traveling at a speed of 95 knots, heading with 
the wind blowing in the same direction at 25 
knots, find the distance the pilot may expect 
his plane to travel in 3 hours. 









In Fig. 26, 4P=speed of plane; PW = velocity - ric SS = 
sas P P Y d AAA a 
Ë. E M EUN RISE AGES EE EL EE 
Speed of plane Y pos is 
plus Ka O = Sé: Fla. 26 
speed of wind hours traveled. y 


(95+25) x 3=120X3=360 miles. 


AGAINST THE WIND 


If the wind is blowing in a direction exactly opposite to that traveled 
by the plane, we follow the same line of reasoning, but this time 
subtract the rate of the wind from the rate of the plane. Since the 
wind is blowing against the airplane, we realize that the actual speed 
of the plane will be reduced by the rate of speed of the wind. 


Illustrative Problem 
Given an airplane traveling at a speed of 95 knots, heading against 

a wind blowing 25 knots, find the distance 

the pilot may expect his plane to travel in 

3 hours. | 
In Fig. 27, 4P=speed of plane; PV «velocity ITA ASE 
of wind. Sa 
LAE Pk 
Speed of plane number y AAA A 
° x or P istance 


minus té | n 
speed of wind traveled. 








hours 


(95 —25) X 3=70X3=210 miles. 


WIND VECTORS 


We do not always find that the wind is so accommodating as to 
travel in the direction which we wish to take, nor even to be directly 
contrary to the course we wish to pursue. When the wind is blowing 
against the course, we have to resort to more complicated figuring 
to determine the track, or course made good. This we may do by 
plotting the wind vector, making use of what we learned about the 
parallelogram of forces on page 501 


Illustrative Problem 


Given an airplane traveling at a speed of 95 knots due northeast 
(¿e., with a heading of 45%) with the wind blowing from the direc- 
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tion, 270%, at 25 miles an hour. In what direction. has the plane 
actually flown and what was its ground speed? ! 

a We plot the vector representing the speed of the plane as follows: Se- 
lecting a point, 4, we draw a perpendicular line, ÆN, to represent the 
direction of north. (Fig. 28.) 

b Measuring an angle of 45? to represent the 
heading of the plane, we draw a line, 4P, 
selecting any convenient scale and measuring 
off a distance of 95 units, representing the 
speed of the plane. 

c At theé-point,- P; which" is’ ata, “distanece*ot . 
95 units from 4, we draw PN’ parallel to ÆN. 

d Since the wind is blowing from the direction, 
270°, we subtract this number from 360", 
getting 90° as the angle at which we wish to 
draw the wind vector. 

e Measuring 90° from PN’ at P, we draw PW 25 
units long to represent the rate the wind is 
traveling (the wind vector). 

f By drawing AV parallel to PW and VW parallel to ZP; we complete 
a parallelogram. 

$ The diagonal of the parallelogram, 4W, gives us the track of the plane. 
Since we have drawn our lines to scale, we may readily measure the length 
of AW and determine that the plane has actually flown over the ground 

at a rate of 117 knots. Measuring Z NAW gives us 59° as the actual 
course of the plane. | 
To save ourselves time, we may omit step f and compute directly the 
value of AW. When we do this, we speak of drawing a triangle of velocities 


instead of a parallelogram of velocities. 
DETERMINING THE COURSE TO STEER 


We may make use of this same device if we wish to determine what 
course should be steered to reach a given point at a given time. 


Illustrative Problem 


Given a track of 210? and a wind coming from the direction, 320^, at 
30 miles per hour, determine the true course u 
which an airplane traveling 120 miles per hour 
should steer, and compute its ground speed. 

a Draw AN to represent the line to the north, 
as before. 

b Draw an indefinite line, 4T, to represent track, 
at an angle of 210° (or 30? from NA extended). a 
N24 — 18095. 210—180: AN y 

c Draw UY through 4 at an angle of 320? with 4N. 

d On AVY, measure AW equal to 30 units, 
representing the velocity of the wind. 

e With Y as a center, and a radius of 120 
units (the speed of the plane), describe 
an arc, cutting 4T at C. T 


BROWSER 
SSES 
9 











Fig. 29 


— 


` 
is 





ee 





— 


———— 
aer: ——— 





APPLIED MATHEMATICS > ` 





867 


i Draw WN’ parallel to 4N. 


é Connect W and C. Measurement of AC gives us a speed of 127 miles an 
hour. Measurement of 4N’WC gives us 222? as the course to steer. 


Radius of action 


When a pilot leaves an airplane carrier on a scouting mission, he 
must determine how far he can safely fiy along a given course and 
in what direction he must fly back on his return trip to the carrier, 
which is also in motion during his flight. He first determines how 
much gasoline he has in his tank and how many hours’ flight that 
much “gas” will permit him. In order to have a margin of safety, 
he holds at least one hour's fuel in reserve, basing his computation 
on the remainder. 

If the carrier were anchored and no wind were blowing, 1t is obvious 
that the plane could fly half the distance its fuel supply permitted 
and return to the same spot within the permitted flying time. When 


the carrier is in motion and there is a wind, the problem becomes 
somewhat more complicated. 


Lllustrative Problem 


Given an airplane carrier steaming on a course of 70° at 22 miles 
an hour, how far can a pilot fly a plane with 3 hours’ gas supply in 
the direction, 190°? (Speed of plane, 120 m.p.h.) Determine the 
point at which he must turn back and the time 
at which he will reach that point. (Assume no 
wind.) — 

a Since the carrier will travel 22X3 (=66 miles), 
we plot the line, CD, to represent the distance 
covered by the carrier while the plane is in 
Hente Fir 997) 

b Draw CP with ZNCP=190° to represent the 
proposed course of the plane. 

c On CP, indicate point Š as the spot to which the 
plane could fly in 3 hours. 

d Draw DS, and find its perpendicular bisector. 
(See page 282.) | 

e Note the point, R, where the bisector, 74, of 
DS meets CS. 

f Draw RD, which represents the return journey 
of the plane from the point, R, to the carrier 
at its new position at D. 

$ Since RD=RS, it is evident that this line still " 
represents the safe return flying distance for the OM 
plane. 


h Measurement of CR gives us the distance, 159 miles, which the plane 
may fly on its course. | 


i Measurement of Z N' RD, 26°, gives us the direction of the return flight. 
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APPLICATIONS | In justos the voltage used in the detector 
T 9 RA D iQ 


circuit of some television receivers, we have to 
—— bring some knowledge of trigonometry into 
play. Given the circuit represented in Fig. 31, we may write these 


equations: 





6377 61-65 = E sin wi + E; cos wt a 
€4= es-- 65 = Ez sin oz+ E, cos wi b 
617 — e? C 


Substituting c in b, we have 
£47 — lites = — F4 sin ot+ E, cos ox. d 
The facts that es and es are 180? out of phase and that es and ep are 90? 
out of phase are justified by experimental work and by the analysis of the 
action of the transformer. 
It would be desirable if we could express es and e4 as single sinusoidal 
waves rather than by the summations given above. By letting 











E= Es sin 0, e 
and C Exe Es cos, f 
we get 
Es = 2 ei E 
sin Ü 
sin ges e" 
E; “p 
2 
sin? ga e” 
Es 
NS Ey / 
73 cos 9 t iE 
cos 0 = =? f" Fig. 31 
š 
2 
T * 
E; 
Adding e'" and f”, we get | | 
1 _ Er +E, $ 
Es 
E= Est E, | g' 


We could just as readily have obtained this equation by squaring and adding 


e and f: 
E =E; sin? 9 e? 


E, =E; cos? 0 {2 
Ej -- E; = E (sin? 6 +cos? 9). e?-+f? 








e "` "TN 
— —— 
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- Since : 
sin? 0 + cos? 0— 1, 
E + E, = Ba i oi 
In future operations, then, the reader may proceed directly to this point. 
Erom this, Es = Vir EEA g” 
| E 
Now tum E h 
Ei 
e 1541 / 
or 0=tan Es h 


(Any finite values—positive or negative—assigned to E, and Ep result 
in finite values for E; and 0; hence, these substitutions are permissible.) 


By trigonometric identities, we find that 





es = Ez cos (wr — 0) i 
£475 Es cos (w4-0) = Es cos (ot — y) j 
EE 
where y=tan”? E 
Since the average values of es and e4 are identical in value, 
€3- 6472 es k 
Or €3-l-e4— 0, k’ 


depending upon the direction of their polarities when added. 


With a change in the frequency of the incoming signal, the secondary 
voltage shifts in phase and results in these equations: 


6j Ë, sin (wf t8)+E, cos wf 1 
x e= — E. sin (0+8)+£, cos of. m 
By trigonometry, 
es= E1 sln of cos 8+ E. cos wt sin 0 + Ep cos wi 


= (F1 cos 8) sin oz+ (£1 sin BL £5) cos wt n 
where 
Ez= V (E, cos 6)°+ (Ey sin B+E” 
= AA sin B 
| — E cos Q 
= Ls E 
and 6—tan a 
Similarly, 
e= — E, sin wf cos Q— Ei cos wi sin B+ E) ox 


| = E, cos (wf — y), 

where, in this case, 

CAS EE COS BI Lt E, sin B-E)" 
= Y EF +E, wn FAE, sin g. 
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| —E, cos B 
== EE 
ana Ee — E sin B+ E, ` 


Since Ez and E, are now different in magnitude, it is evident that the 
average values of es and es will now be different. Thus, a change in the phase 
relationships of the incoming signals results in a change in the amplitude 
of the sum (e3+e4). This changed amplitude may now be used to control the 
bias potential on amplifier stages (A.F.C.) or 1t may in itself be the signal 
which we want (F.M. signals). sën 

! Illustrative Problem | 

To demonstrate the use of mathematics in a particular case, the 
circuit of Fig. 32 has been selected. This might be the intermediate 
amplifier stage of a superheterodyne receiver. The equivalent circuits 
drawn are required for the analysis, ! 













(C) 
Fig. 32 


where: A the inductance of the primary, Lp, equals the inductance of the 
secondary, Ls, equals 4 millihenries; 
b the frequency to which the circuits are tuned is 260 kc.; 
c the figure of merit of the primary, Qp, equals the figure of merit 
of the secondary, Q;, equals 50; 
d the coefficient of coupling between L, and Ls is 0.03. 


, we calculate the values of 








From the resonant frequency formula, w= SE 


GE and (s 1 1 
C= Co= LAR 794 MW 
w 


me E 
From the formula for “figure of merit”, Q=—> we calculate the values of 


KR, and Rs: i A 10-3 I 
R =R = s= EE = 131 ohms. 


ru 


E DI Sg, 





a L. I — — —— A um m RS 
waar 





A ee 
—— ca 
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From the formula, M= kV ale we may calculate the mutual inductance 


in the circuit: 


M=kvVL,L.=0.03x4Xx107*?=0.12x107* henries. 
L-M=4xXx107*-—0.12x107*=3.88 X 107? henries. 


From the formulas for the equivalent circuit elements in Fig. 16c: 


1600x107? 
^5 72% X260 X10? x934 x10- 9 


E= 
1 





>= 4229602 08x (934)2x 10 X08 X10 
EoM 
A 


Le 


= 10.5 e, 


= 59.5 ohms. 


Zug 


At 260 kc, the primary and secondary circuits are “tuned”, 
Zir ot R,=53. 5+1831 D 184. 5-- 70 ohms 
Z13— 0--joM ss 04-7196 ohms 
Zo2= R,+J0=131--/0 ohms. 


The gain of the coupling circuit 1s 
oM Kc 


—— 


196 / 90°6550 | —90* 


ZuZan-Za! 184.5 [09131 /0°—196° /180° 2.42 1043.84 10% 


1.285105 / 0° 





NAVIGATION 


SAILINGS 
1 11530m 4 Lat. 48°37’ N 
.2 M? W of S Long. 69°15/.5 W 
3 (a) 54.06 5 350°2/.5 
(b) 98 6 329*30' 
(c) 112.15 
Se. 


7 117.3 naut. mi 
SPHERICAL ICONO METRY 


9 cos c=cot 4 cot B 
10 2,480 naut. mi. 12 81°19’ 
2,852 stat. mi. ^ 13 2,627 naut. mi. 


^. 11 58’ too large 


GREAT-CIRCLE SAILING 


14 250 15 0.2 mi. 16-757" 
CELESTIAL COORDINATES 

17 9h7m 21 52°57’ W 

18 48°18’ 22 1h27m16s 

19 7h41m50s 23 2h02m]4s 

20 Sh55m8s 


LINES OF POSITION 
24 140? W 0° N, 140? W 30? N, 
155°30’ W 15^ N, 124°30’ W 15° N 
WIND TRIANGLE 
25 77°22’ 26 46 mph 27 35 mph 


ALA AECA IATA AA E RR ee 


Í z sin 9 +sc0s0 =f 
m sin 0 sin y + m cos 0 cos Y = # 
(Using trig formula for cos ef difference 
of 2 angles) 
m cos (@—y) = 2 
2 455 meters 
"NUM 19.96M4/ E + 4? 
AE Na 
4 e= E sin wt; ¿= Í sin of 
p=e i= EI sin? of = EI(1L—:15 cos 2w1) 
Average power P= S} pdt=1 ET 
5 Equivalent impedance = =sum of 
individual impedances 
(8. cia d (10.6 4-10. 6) + (10 +17.37) = 
(29.3 --28.47) 
6 (Note: l= 
7222 —9rL—10pLn =0 
109L=vV4 (1091)? 4-367? L 
T 272 
_10X$ X10++/(%)? -36(51)310 
SC x 
=17.93 or 18 turns 
qual 9 7=0.57 ampere 
MI res =0.0 





0.087 ^23 log 227 
=10.6X1015 ohms E 
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Abc us, 45 
Abel, Niels H., 694 
Abracadabra, 249 
Absolute error, 569 
Absolute value, 502 
Acceleration, 448, 492 
change of velocity per unit 
time, 554 
defined, 553 
equivalents (table), 574 
problems involving use of 
vectors, 501 
Accuracy, judging, 648 
see also Checking 
Acetic acid, 659 
Acidity, 659 
Acids 
electrolysis, 644 
Acoustics 
see also Sound 
resonance phenomena, 537 
Acres 
area measurement units, 43, 574 
hektare equivalent, 43 
Action, radius of, 867 
Acute angle, 259, 318 
functions, 407 
see also Functions, 
trigonometric 
Addend, 63 
Addition 
checking correctness, 6 
casting out 9's, 7 
casting out 11's, 8 
complex numbers, 366 
decimals, 66 
defined, 63 
denominate numbers, 78 
digits ; 
single, 3 
two, 4 
exercises, 4-6, 51 
solutions, 123, 124 
first steps in, 3, 57 
fractions, 31, 162 
in algebra, 163 
fundamental value, 5 
imaginory numbers, 365 
in algebra, 135-138 
fractions, 163 
polynomials, 142 
mental, 8 
mixed numbers, 35, 52 
plus sign, 2 
practice chort, 5 
problems, 6 
radicals, 360 
rules, 4 : 
sign of, 2 
trigonometric formulas, 421 
Adjacent angles, 263, 318 
Adjacent side, 406, 448 
Aerial navigation 
see Navigation 
Agnew, Ralph P., 385 
Ahmes, 686 


Air 
density standard, 653 
pressure formuia, 191 
resistance (gunnery), 751 
speed, 799 
velocity, 799 
Alchwarizmi, M., 688 
Aldebaran, 797 
Algebra 
addition 
exercises, 138, 253 
fractions, 163 
negative numbers, 136 
polynomials, 142 
positive and negative 
numbers, 136 
positive numbers, 135 
scale for, 138 
advanced, 193 
axioms 
see Axioms, algebraic 
basic, 129-179 
binomial theorem, 211 
coefficients, 133 
combinations 
see Combinations 
complex numbers 
see Numbers, complex 
division I 
exercises, 142, 253 
exponents subtracted, 141 
- fractions, 168 
equations 
see Equations 
exponents 
division, 141 
fractional, 498 
multiplication indicated, 
134, 140 
subtraction, 141 
factoring 
see Factoring 
factors, 134 
formulas, 174, 189 
fractional exponents, 498 
fractions, 189 
addition, 163 
division, 168 
multiplication, 166 
subtraction, 165 
fundamental operations, 135 
introduction, 129 
letters and signs, 129 
letters used, 129 
known quantities, 131 
unknown quantities, 131 
x, 131 
lowest common denominator, 
164 
mathematics 
operations compared, 135 
multiplication, 139 
even, and odd number of 
neg^ tives, 140 
exercises, 141, 253 
exponents, 134, 140 
fractions, 166 
negative numbers, 140 


Algebra, cont'd 
multiplication, cont'd 
number by ¡tself: use of 
exponent, 134, 140 
positive numbers, 140 
numbers 
literal, 133 
signed, 131 
change between plus 
and minus, 139 
operations 
signs resulting from, 189 
parenthesis 
terms grouped within, 134 
permutations 
see Permutations 
polynomials 
see Polynomial terms 
processes 
results of, 189 
quantities 
known, 131, 192 
unknown, 131, 193 
reciprocals 
see Reciprocals 
results of processes, 189 
signs of operations, 189 
simultaneous equations 
see Equations, simultaneous 
slide-rule settings (Table 
XXVIII), 380 
subtraction, 138 
exercises, 139, 253 
fractions, 165 
negative numbers, 139 
plus and minus sign changes, 
139 
polynomials, 143 
positive numbers, 139 
terms, 134, 
see also Polynomial terms, 
Terms 
unknown, in equations, 131 
197 
use in radio, 801 
Algebraic magic squares, 185 
Aliquots, 74, 128 
problems, 116, 188 
tables, 125 
Alkalinity, 659 
Alphabet, Greek, 441 
Alpheratz, 797 
Alternate angles, 261, 318 ` 
Alternating current, 707, 728 
Altitude, 261, 315, 318 
computed, 796 
Aluminum 
behavior, 638 
American Air Almanac, 830 
American National Form 
Thread, 614 
Ammonium hydroxide, 654 
Amperage 
determination, formula, 190 
Ampere, 705 
Amplification factor, 808 
Amplifier stages, 819 
Amplitude modulation, 812 


masa 
— 











Amsler Polar Planimeter, 548, 564 
Amulet problem, 249 
Analytic chemistry, 648, 655, 
see also Chemistry 
Analytic geometry 
see Geometry, analytic 
Angles d 
see also Triangles 
acute, 260, 318 
of right triangles 
trigonometric functions, 
406 
adjacent, 263, 318 
alternate, 261, 318 
interior, 261 
angular velocity, 448 
base, 315 
bisecting, 284 
central, 270, 315, 318 
complementary, 260, 318 
construction, 283 
corresponding, 261 
defined, 318 
degrees, 318, 385, 387 
expressed in radians, 440 
depression, 448 
dihedral, 357 
defined, 383 
double-, 424, 448 
elevation, 448 
exterior, 261, 319 
external, 261 
face, 383 
formation by two parallel lines 
cut by transversal, 261 
formed by vectors, 501 
function 
cosecant, 394, 448 
cosine, 394, 448 
cotangent, 394, 448 
reduction, 448 
secant, 394, 448 
sine, 394, 448 
tangent, 394, 448 
generation, 386 
initial position, 386 
terminal position, 386 
half-, 424, 448 
hour, 793 
in circles, 270, 271 
exercises, 273, 376 
included, 263, 319 
indexing, 630 
interior, 261, 319 
largest, of triangle, 261, 376 
measurement, 260, 387, 418, 
540 
arc, 387 
clockwise, 318 
counterclockwise, 318 
equivalents (Table XXXI), 
440 
exercises, 391, 506 
mils, 391 
precision, 547 
protractor, 541, 547 
radius, 387 
slide rule, 681 
miís, 335 
minutes, 385, 387 
multiple, 448 
functions, trigonometric, 424 
negative, 260, 319 


‘Angles, cont'd 


cbtuse, 260, 319 
of depression, 408 
of elevation, 408 
of parallelograms, 263 
of polygon, 263 
of quadrilateral, 263 
of triangle, 262 
on sphere, 356 
parallel sides, 262 
plane, 259, 320, 384 
plate current flow, 821 
positive, 260, 320 
problems, 305, 377 
protractor, for measuring, 258 
radians, 385, 387 
reflex, 260, 320 
reproduction, 284 
revolution, 385, 386, 448 
right, 259, 283, 320, 385 
defined, 259, 386 
expressed in degrees and 
radians, 440 
mils in, 391 
rotation, 448 
seconds, 385, 387 
spherical, 356, 384 
measurement, 781 
straight, 259, 320 
supplementary, 260, 320 
symbols, 316 
trigonometric, 386 
terminal side, 418, 448 
trigonometric functions, 
see Functions 
vertex of, 260 
vertical, 260, 320 
Angles formed by planes, 330 
dihedral, 330 
exercises, 331, 436 
edges, 330 
faces, 330 
loci in space, 331 
exercises, 332, 436 
polyhedral, 333 
exercises, 333, 436 
trihedral, 333 
Angular velocity, 390, 448 
Annulus, 314, 318 
Anode, 644 
Antenna circuit, 803, 807 
Antilogarithms, 96, 128 
Apollonius of Perga, 687, 689 
Approximate 
defined, 63 
multiplication, 69 
Approximation, 527 
Arabic numerals, 3, 39, 46, 
47,63 
Roman, compared, 61 
Arc, 289, 318 
angle measurement, 387 
bisection of, 289 
circular 
center of gravity, 495 
definition, 270 
symbol, 316, 318 
Archimedes, 556, 687, 691 
Are, 43 
Areas 
circle, 317 
computation of, 43, 554 
cone, 382 
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Areas, cont’d 
cube, 382 
cylinder, 382 
decagon, 316 
defined, 43, 383 
dodecagon, 316 
ellipse, 317 
equivalents, 275 
polygon and triangle, 275 
square and rectangle 288 
square and triangle, 276. 
table, 574 
exercises, 266, 376 
frustum 
cone, 344, 382 
pyramid, 336, 382 
hexagon, 316 
lateral, 383 
measurement, 313, 548, 
see also Measurement 
Amsler Polar Planimeter, 548 
Coffin averager, 549 
moment of inertia, 495 
octagon, 316 
parallelepiped, 382 
pentagon, 336 
plane figures, 265 
polyhedra, 383 
prism, 382 
pyramid, 382 
solid figures, 382 
sphere, 382 
square, 316 
surface, 384 
total, of solid figures, 382 
triangle, 315, 316 
Argument, 454, 502 
Arithmetic 
addition 
decimals, 66 
denominate numbers, 78 
fractions, 31 
integers, 3, 57 
mental, 8 
mixed numbers, 35 
aliquots, 74, 125 
exercises, 116 
averages, 75 
exercises, 117 
canceling, 29, 63 
checking correctness 
see Checking 
continued multiplication, 16 
cube (numbers), 222, 251 
cube root, 226, 251 
decimal fractions 
addition, 66 
approximate multiplication, 
|. 69 
conversion to common, 65 
contracted multiplication, 
69 
definition, 65 
division, 70 
equivalents of common, 125 
exercises, 115 
fundamental operations 
see Addition, Division, 
Mutiplication, Sub- 
traction 
multiplication, 67 
percentage, 66 
subtraction, 67 














che O | 





Arithmetic, cont'd 
decimals 
see Decimal fractions 
denominate numbers 
see Numbers, denominate 
digits 
definition, 63 
rotating, 56 
. see also Numbers 
division 
decimals, 70 
denominate numbers, 82 
fractions, 29 
integers, 18 
mixed numbers, 37 
use of logarithms, 98 
use of slide rule, 107 
fractions 
canceling, 29 
common 
defined, 25 
conversion to decimals, 65 
decimal 
see Decimal fractions 
definition, 25 
denominator 
definition, 25 
lowest common, 33 
improper, defined, 26 
lowest common 
denominator, 33 
lowest terms, 63 
mixed numbers 
definition, 35 


see also Numbers, mixed 


numerator, defined, 25 
operations with 
see Addition, Division, 
Multiplication, 
Subtraction 
proper, defined, 25 
reduction, 27 
fundamental operations 
see Addition, Division, 
Multiplication, 
Subtraction 
integers 
defined, 63 
factors, 59 
operations with 
see Addition, Division, 
Multiplication, 
Subtraction 
long division, 20, 64 
mental addition, 8 
multiplication 
decimals, 67 
denominate numbers, 80 
fractions, 27 
integers, 12 
mixed numbers, 37 
use of logarithms, 93 
use of slide rule, 105 
number systems, 45, 61 
percentage, 72 
exercises, 115 
proportion, 84 
exercises, 118 
ratio, 83 
exercises, 118 
roots 
any, 228 


Arithmetic, cont’d 
roots, cont'd 
cube, 226 
square, 222 
short cuts 
division, 22, 58 
multiplication, 16, 57 
signs, 1,2 
square root, 224, 250 
squares, 222, 248, 250 
subtraction 
decimals, 67 
denominate numbers, 79 
fractions, 31 
integers, 9 
mixed numbers, 36 
trial divisors, 21 
zero, 49 
Arithmetic progression, 214, 
252, 256 
Arithmetic series 
see Series 
Ascension right, 791 
Astronomic definitions, 789 
celestial equator, 791 
celestial sphere, 789 
coordinate systems, 789, 792 
exercises, 794-795 
ecliptic circle, 792 
equinoctial system, 789, 790 
equinox 
autumnal, 792 
vernal, 792 
horizon system, 789, 790 
Nautical Almanac, 795, 796 
pole elevation, 792 
stars 
Arcturus, 792 
declinations, 791 
fixed, 791 
Markab, 799 
right ascension, 791 
time: solar, sidereal, 793 
Asymptotes, 303, 318 
Atmospheric pressure, 558 
Atomic weights 
chlorine, 642 
international (table), 698 
oxygen, 641 
sodium, 642 
Atoms, 641 
radicals, 642 
Averager, Coffin, 549 
Averages, 75 
defined, 128 
exercises, 77, 187 
problems, 177, 188 
short-cuts in finding, 76 
weighted, 76, 128 
Aviation 
see Navigation, aerial 
Avogadro volume of gases, 649 
Avoirdupois measure, 62, 575 
Axes 
see Axis 
Axis 
area about 
moment of inertia, 495 
coordinate, 326 
of circle bisecting sphere, 351 
of cone, 317, 318 
of graph poper, 237 
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Axioms, algebraic 
equals added to equals, 258 
equals divided by equals, 258 
equals multiplied by equals, 258 
equals substituted for equals, 
258 
equals subtracted from equals, 
258 
things equal to same thing, 258 
Axioms, geometric, 257, 258, 318 
figure moved without altering 
size or shape, 258 
one straight line through two 
points, 258 
straight line, distance along, 
shortest distance between 
two points, 258, 320, 357 
straight line unlimited in length, 
258 
Azimuth, 770, 796 


B 


B. T. U., 675 
Babylonians 
system of numbers, 45 
Baker, Robert, 540 
Balance, 555 
beam, 555 
pan, 555 
Westphal, 557 
Barometer, 557 
aneroid, 558 
Base 
angle, 315 
area of, 382 
chemical 
electrolysis, 644 
logarithmic, 90, 128 
number raised to given power, 
128 
of plane figure, 318 
Beam 
balance, 555 
defiection, 833 
loads, 597 
Bearing 
nautical, 770 
radio, 778 
Because (symbol), 316 
Bel, 811 
Benedict, Otis, Jr., 598 
Bevel gears, 837 
Bernouilli, 511 
Binomial terms, 134, 192, 211, 256 
binomial theorem, 211, 256 
exercises, 213, 214, 309 
equation, 256 
expansion, 252 
formula, 252 
frequency distribution, 757 
radicals, 361 
series, 211, 256 
square of, 151 
Bisection, 318 
of angle, 284 
of arc, 289 
of line, 259 
Bisector, perpendicular, 271 
Bleeder resistors, 737 
Bodies 
at rest, 584-585 
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Bodies, cont'd 
free, 585 
leverage, 592 
in motion, 584-585 
friction force, 595 
moving, 594 
stationary, 594 
Bolyai, Janos, 694 
Boring mill 
see Tools, power 
Borrowing (in subtraction), 63 
Bourdon type gages, 561 
Bower, O. K., 257 
Boyle, Robert, 671 
Boyle's law 
gases 
volume times pressure, 191, 
671 
Brace 
sign of arouping, 144, 192 
Bracket, square, 144, 192 
Brakes 
prony, 567 
Branch (curve), 302, 318 
Bridge, wheatstone, 716 
Briggs, Henry, 690 
logarithms, 256 
British measurement system, 40 
British Thermal (heat) Unit, 
576, 675, 103 
gram calories of heat 
formula, 191 
Building 
see Structural engineering 
Bullet trajectory 
see Trajectory 
Bürgi, Joost, 690 
Bushel, 62, 574 
equivalent in cubic inches, 44 
Business formulas, 191 


Ç 


Calculations 
reliabilitv rules, 570 
Calculus, 449-497 
application, 492 
defined, 458 
derivatives, 464, 
see also Derivatives 
differential, 459 
differential notation, 473 
differentiation formulas, 468 
history, 691 
integral, 487, 
see also Integration 
defined, 487 
operations, 452 
slopes, 465 
use in radio, 816 
variables, 452, 
see also Variables 
Calipers, 541 
Calorie (heat unit), 576, 
675, 703, 706 
Calorimetry, 676 
exercises, 679, 759 
Canceling, 29, 63, 551 
Cantor, Georg, 695 
Capacitance 
calculation, 724 
farad (unit), 707, 724 





Capacitance, cont'd 

radio, 802 

time constant, 727 
Capacitive reactance, 733 
Cardano, Hieronimo, 688 
Cardioid, 511 
Carrying (from column to 

column), 63 
Cartesian terminology, 511 
Cartesius 

see Descartes 
Cassinian ovals, 511 
Catenary, 314, 318 
Cathode, 644 
Cauchy, Augustin L., 694 
Celestial navigation 

see Navigation, celestial 
Celestial observation, 795 
Celestial sphere, 791 
Cemented carbide 

cutting speed, 639 
Center 

of circle, 270 

finding, 291 

of curve, 318 

of polygon, 318 

of sphere, 351 
Centigrade 

see Thermometers - 
Centigram, 42 
Centiliter, 42 
Centimeters, 41, 43 
Centimeters, cubic, 44 
Centimeters, square 

square inches, compared, 43 
Central angle, 270, 315, 318 
Chain, 574 
Characteristics, logarithmic 

see Logarithms 
Charles's law 

gases, 191, 672 
Checking, 63 

casting out 9's, 7, 12, 15, 22 

casting out 11's, 8, 12, 16, 23 
Chemical equations 

see Equations, chemical 


Chemistry 


see also Analytic chemistry 
defined, 641 
elements 
see Elements 
mathematics of, 641-660, 
846-849 
Chimney, computation for, 846 
Chlorine 
atomic weight, 642 
Chord, 270, 318 
Cipher, 63 
see Zero 


. Circle graphs, 235 


Circles 
angles in, 270, 271 
annulus, 314 
application, 295 
arc 
bisecting, 289 
area, 316 
center, 270 
finding, 291 
chord, 270 
circumference, 270, 316, 318 
circumscribed, 290, 316, 318 


Circles, cont'd 
definition, 270, 318 
degrees, or egual parts, 45, 

259, 318 
derivation, 295 
diameter, 270, 318 
eccentric, 297. 
equation of, 296, 319 
escribed, 277, 319 
exercises, 297, 376 
great, 351, 383 
see Great circle 
hour, 791 
incenter, 319 
inscribed, 290, 316, 319 
in oblique triangle, 417 
polygon, 456 
lenath, 316 
nine-points, 277, 319 
off-center, 297 
exercises, 298, 376 
orthocenter, 277, 319 
parts of, 270 
problems, 307, 379 
pi, 448 
plotting, 296 
problems, 306, 378 
radius, 270, 320 
revolvina around circle, 510 
secant, 270 
segment, 270, 320 
sphere bisected by, 351 
axis, 351 
poles, 351 
symbol, 316, 318 
tangent, 270 
construction, 291 

Circuits 

electric 

see Electric circuits 
radio 

see Radio circuits 

Circumcenter, 276 

Circumference 
of circle, 270, 318 

Circumscribed circle, 

290, 316, 319 
polygon, 290, 318 

Clairaut's equation, 576 

Clockwise, 318 

Code of Khammurabi, 578 

Coefficients, 133, 192 
chemical, 642 
forms of, 134 
thermal expansion, 666, 667 

Coffin averager, 549, 564 

Co-function, 448 

Coincide, 263, 318 

Collinear, 383  . 

Cologarithms, 98, 128 

Column (numbers), 63 
see also Addition 

Columns, 595 
loads 

exercises, 597, 704 
formulas, 596 

Combinations, 205, 208 
defined, 256 
exercises, 210, 308 
formula, 208, 252 

Common denominator, 31, 163 

Common fractions 
see Fractions 
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Common logarithms, 221, 256 
Common multiples, 63 
Compasses, 258, 281, 318 
proportional, 375 
Complement 
see Angle, complementary 
‘Complex numbers ` 
see Numbers, complex 
Composite sailing, 789 
Compound gearing 
see Gearing 
Compounds, chemical, 644 
inorganic, 644 
molecules, 642 
valencies, 644 
Concrete 
behavior, 638 
Condensers 
see Electricity 
Conditional equations, 169, 192 
Conductor size, 761 
Cones, 293, 318, 343 
area, 343, 382 
axis, 294, 318 
conical surface, 343 
element, 294, 319 
exercises, 345, 437 
generatrix, 343 
height calculations, 639 
measurement 
calculus applied, 494 
nappe, 294, 343 
right circular, 293, 344 
frustum, 344 
slant height, 344 
volume, 348 
slant height, 384 
surface, 294, 318, 494 
truncated, 384 
vertex, 293, 343 
volume, 349, 494 
weiaht computation, 682 
Congruence, 262, 318 
definition, 263 
exercises, 265, 376 
symbol, 316 
Congruent sign, 2 
Conic sections, 293, 318, 477 
comparison of, 317 
derivation, 293 
eccentric, or off center, 297 
exercises, 303, 304, 377 
plane figures, 295 
problems, 307, 379 
Conical surface, 343 
Consecutive, 63 
Constants 
see Numbers, Physical 
constants 
Construction 
building, materials of, 581 
geometric, 279-292 
Continuous function, 457 
Contracted multiplication, 69 
Contracting 
see Structural engineering 
Conversion, 65, 128 
factors, 708 
fraction to percentage, 65 
to similar units, 77 
Cooling law, Newton's, 521 


Coordinates 
polar, 501 
rule for measuring, 314 
Coplanar, 383 
Copper 
specific heat, 675 
wire and cable 
dimensions and resistance, 
762 
Correct, 63 
Correctness 
see Accuracy, Checking 
Corresponding 
angles, 261 
definition, 318 
Cosecant, 394, 448 
Cosine, 394, 442-447, 448, 768 
Cosine law, 414 
Cotangent, 394, 442-447, 448, 
768 
Coulomb, 705 
Count, 63 
least, 543 
Counterclockwise, 260, 318 
Counting, 3 
Course, steering, 866 
Crank shapers 
see Tools, power 
Cross multiplication, 32, 63 
Cross-section paper, 232, 256 
Cube (geometric) 
area, 382 
surface, 337 
volume, 347 
Cube (number) 
factoring 
see Factoring 
logarithm use, 99 
slide rule use, 111 
tables, 251 
Cube root, 128, 226, 256 
irrational, 359 
logarithm use, 100 
slide rule use, 112 
steps for extraction of, 226 
tables, 251 
Cubic feet, 
see Feet, cubic 
Cubic formulas, 252 
Cubic inches 
see Inches, cubic 
Cubic measure, 62 
Cubic yards 
see Yards, cubic 
Cubical expansion 
see Expansion 
Cubing numbers, 88, 128, 222, 
251,256 
defined, 128 
formula, 252 
logarithm use, 100 
slide rule use, 111 
sum of n numbers, 252 
Cubit, 40 
Currency 
see Monetary notation 
Current 
see Alternating current, 
Direct current 
fiow, 821 
Curtate cycloid, 511 
Curved surface 
see Surfaces 
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Curves, 257, 318 
branch, 318 
catenary, 314 
center of, 269, 291, 318 
closed 
lengths and areas, 316 
computation, 477 
concave, with positive second 
derivative, 477 
continuous at a point, 458 
convex, with negative second 
derivative, 477 
cusp, 510 
direction along, 465 
functions 
derivatives 
at maxima or minima, 481 
graphic differentiation, 486 
linear functions, 477 
maxima, 479 
maximum points, 479 
minima, 479 
minimum points, 479 
plane, 258 
points of inflection, 479 
prolate cycloid, 510 
slopes,465, 
see also Slopes 
derivatives determining, 477 
vibrations in resisting medium, 
535 
Curvilinear, 294, 318 
Cusp, 510 
Cutting speeds, 598, 638 
Cycle, 707 
Cyclic quadrilateral, 271, 318 
Cycloid 
curtate, 510 
prolate, 510 
Cylinders, 341 
area, 349, 382 
defined, 383 
equation of, 354 
exercises, 343, 437 
hollow, 382 
lateral area, 341 
of revolution, 342, 383, 384 
right circular 
see Cylinders of revolution 
volume, 349, 382 
Cylindrical surface 
see Surfaces 


D 


Data, 256 
Days 
solar, in year, 793 
Dead reckoning, 769, 775, 862 . 
Dead weight tester, 559 
Deca- 
see Deka- 
Decagon, 315 
area, 316 
Decibel, 811 
Decigram, 42 
Deciliter, 42 
Decimal fractions 
addition, 66 
exercises, 67, 187 
conversion to fractions, 66 
decimal fraction, 63 
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Decimal fractions, cont’d 
decimal point, 49, 63 
defined, 42, 63 
division, 70 

exercises, 71-72, 187 
short cuts, 58 
endless, 256 
exercises, 73, 187 
fraction equivalents, 125 
fractions, 65 
long division, use in, 21 
metric system based upon, 41 
mixed, 49 
multiplication, 67 
approximate, 69 
contracted, 69 
exercises, 70, 187 
non-repeating, 256 
problems, 115, 188 
recurring, 74, 256 
subtraction, 67 
exercises, 67, 187 
system 
origin of, 45 
zero, use of, 49 

Decima! point, 63 

Decimal scale, 542 

Decimeters, 41 
cubic, 44 

Decomposition, chemical, 646 
double, 646 

Decrement, 818 

Deduction, 262, 281, 318 

Definite integrals, 489 

Deflection 
of beam, 833 
shift in, 766 

Deformations, 561 
structural materials, 581, 583 

elastic, 582 

per cent elongation, 582 

stiffness, 583 
temperature effects, 583 

Degree 

angle measurement, 259, 318, 
385, 387 
conversion to mils, 763 
temperature measurement 
see Thermometers 

Dekagram, 42 

Dekaliter, 42 

Dekameters, 42 
square 

are (term), 43 

Denominate numbers 
see Numbers 

Denominators, 25, 63, 162 
lowest common, 33, 63, 164, 165 
rationalizing, 362 


Density 


absolute, 653 
defined, 556, 653 
relative, 653 
liquids, 654 
solids, 654 
specific gravity, 654 
unit volume of water, 654 
standaords, 653 
table, 575, 763 
Departure (navigation), 770 
Depression, angle of, 408 
Derivetion of e, 462 





Derivatives, 464 
as limit, 465 
as slope, 465 
curves 
determination of direction 
along, 465 
slope determined, 477 
differentiation formulas, 468 
graphic illustrations, 474, 475 
higher, 476 
exercises, 480, 571 
partial, 485 
of powers, 471, 475 
exercises, 472, 571 
of products, 469, 475 
exercises, 470, 571 
of quotient, 470 
exercises, 471, 571 
of sums, 468 
exercises, 469, 571 
of variables, 474 
second, 476 
negative, 477 
positive, 477 
rate of change in first 
derivative, 477 
standard forms, 466, 512 
Descartes, René, 688 
Deviation, 256 
Diagonal, 264, 318 
Dial gages, 545 
Diameter 
of circle, 270, 318 
of sphere, 351 
of taper, 622 


- Dielectric, 723 


constant, 724 
materials, 724 
Difference, 63 
see Subtraction 
Differential calculus 
see Calculus 
Differential equations, 513 
direction field, 513 
disintegration 
see Disintegration 
electric circuits, 524, 533 
exercises, 523, 636 
linear, 525 
exercises, 527, 636 
magnets 
horizontal bar, 521 
vertical bar, 514 
meaning of, 513 
of second order, 530 
exercises, 533, 636 
partial, 539 
population problem, 519 
radium 
disintegration, 515 
resonance phenomena, 536 
solutions, 514, 520, 576 
approximate, 527, 529, 636 
more than one, 529 
uses of, 514 
vibrations in resisting 
medium, 534 
Differential indexing, 631 
Differential notation, 473, 474 
exercises, 474, 571 ` 
Differentials 
problems, 504, 573 


Differentiation 
formulas, 468 
function of function, 472 
graphical, 486 
integration, contrasted, 487 
partial, 485 
exercises, 486, 572 
Digits, 3, 47 
defined, 63 
discarding unreliable, 570 
significant figures, 570 
Dihedra! angle, 330, 383 
Dime, 42 
Dines, Lloyd L., 193 
Diophantus, 687 
Direction 
navigation, 769, 777 
range, 744 
Direction field, 513 
Directrix, 293, 318 
Disintegration 
exercises, 517, 636 
radium, 515 
Dispersion, 752 
center of, 753 
Displacement, chemical, 646 
Distance and velocity 
computations 
formulas, 190 
Distances 
navigation, 770 
shortest, 357 
Distribution systems, 721 
Diurnal motion, 792 
Dividend, 63 
Dividers, drawing, 258, 318 
Dividers, voltage, 738 
Dividing 
see Division 
Dividing head 
see Tools, power, index head 
Divisibility, tests for, 58 
Division, 18, 63 
by zero, 393-394 
checking correctness, 22 
complex numbers, 367, 502 
decimal point and annexed 
zeros, 21 
decimals, 70 
denominate numbers, 82 
divisor, 63 
examples, 20, 52 
exponents, 89 
fractions, 29, 168 
in algebra, 168 
imaginary numbers, 366 
in algebra, 141 
fractions, 168 
polynomials, 147 
reciprocals, 168 
logarithms, use of, 98 
long, 2, 20, 64 
exercises, 21, 23, 123 
meaning of “per”, 550 
mixed numbers, 37, 52 
quotient, 64 
radicals, 362 
short, 20, 64 
exercises, 20, 123 
short cuts, 22, 58 
sign, 2 
slide rule use, 107 
trial divisors, 21, 64 
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Divisors 
see also Division 
aliquots, 74 
trial, 64 
Dodecagon, 315, 318 
area, 316 
Dodecahedron, 383 
defined, 383 
Double angle, 424, 448 
Douglas fir 
behavior, 638 
Drawing 
board, 279, 318 
compasses, 258, 281, 318 
dividers, 258, 281, 318 
engineering, 327 
mechanical 
coódinate planes in, 328 
pantograph, 375 
ruler, 258, 279 
scale reproduction, 375, 855 
straight edge, 258, 279 
Drift, wind, 864 
Drill press 
see Tools, power 
Dry measure, 62, 549 
Ductility, 582 
Duodecimal, 63 
Dyne, 554, 575 


E 


e, derivation of, 462 
E. M. F., 449, 705 
differential equations, 524 
Earth 
shape, 355, 769 
surface measurement, 547 
surface points great-circle 
path, 786 
Eccentric, 297, 319 
Edge 
lateral, 383 
straight 
see straight edge 
Efficiency, 563 - 
Effort 


weight moved up inclined plane, 


formula, 191 
Egyptians 


knowledge of mathematics, 686 


system of numbers, 45 
Eight, mystic, 121 
Elasticity 
defined, 560 
structural materlals, 581, 582 
elastic limit, 582, 638 
Electricity, 705-746, 849-85] 
capacitance, 707, 724, 
see also Capacitance 
exercises, 728, 828 
circuits 
see also Electricity, 
distribution systems 
differential equations, 
524, 533 
distribution problems, 721 
frequencies, 736 
exercises, 737, 828 
mathematical explanations, 
801 
parallel, 711 


Electricity, cont’d 


circuits, cont'd 
reactance 
see Reactance 
resonant, 735 
series, 711 
series-parallel, 712 
shunts, 714 
2-Wire; relation of load, dis- 
tance, loss, and conductor 
size, 761 
condensers, 723, 725 
capicitance, 707, 724 
calculation, 724 
dielectric, 723 
constant, 724 
in parallel, 725 
in series, 725 
time constants, 726 
currents 
alternating, 707 | 
average value, 729 
defined, 728 
effective current, 729 
maximum value, 729 
phase, 730 
reactance, 731, 
see also Reactance 
root-mean-square value, 
729 
computations, 449 
cycle, 707, 728 
direct, 733, 738 
frequency, 707, 728 
impedance, 733 
exercises, 735, 828 
Kirchoff's laws, 719 
Ohm's law, 709, 730, 737, 801 
peak value, 729 
resistance, 733 
voltage drop, 716 
exercises, 719, 828 
distribution systems 
see also Electricity, circuits 
three-wire, 721 
voltage drop: wire sizes, 760 
formulas, 190, 365 
in parallel, 710, 711 
inductance, 707 
time constant, 727 
Kirchhoff's laws, 719, 737, 801 
application, 719 
exercises, 723, 828 
Ohm's law, 709, 730, 737, 801 
application, 711 
radio, 803 
resistance, 709 
copper wire and cable, 762 
exercises, 714, 828 
shunts, 715 
wheatstone bridge, 716 
resistors 
in series, 710, 711 
transformers, 801 
transmission problem, 481 
units of measurement, 705 
abbreviations, 707 
ampere, 705 
conversion factors, 708 
coulomb, 705 
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Electricity, cont'd 


units of measurements, cont'd 
electromotive force 
unit equals volt, 705 
exercises, 708, 828 
farad, 707 
henry, 707 
joule, 705 


foot-pound equivalent, 705 


kilowatt, 706 
ohm, 705 
utilization, 707 
voit, 705 

watt, 705 


Electro-chemical 


formulas, 190 


Electrodes 


anode, 644 
cathode, 644 


Electromotive force, 705 


computations using calculus, 
449 


Electroplating 


thickness of metal deposited, 
formula, 190 

weight of metal deposited, 
formulc, 190 


Elements 


atomic weights, 641 
free 

valencies, 644 
geometric, 257 
number of, 641 
of cone, 294, 319 
of solid geometry, 321 
oxygen, 641 
physical constants (table), 699 
symbols, 641 
valencies, 644 

table of, 700 


Elimination, 256 


simultaneous equations 
addition, 194 
substitution, 194 
Ellipses, 294, 298, 319, 355 
plotting, 298 
exercises, 299, 376 
Ellipsoid, 355 
defined, 383 
Elongation, 638 
End-point, 259, 319 
Endless decimal, 256 
Energy, 562 
see also Forces, Power Work 
conservation of, 562, 564, 565 
electric 
conversion into heat, 678 
equal to force times dístance, 
554 
equivalents 
table, 575 
heat measurement 
see Calorimetry 
heat vs. other forms, 661 
kinetic, 448, 562 
measurements, 563 
mechanical 
heat, relationship, 678 
potential, 562 
radiant, 661 
Encineering 
resonance phenomena, 537 
Engineering drawing, 327 
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Engineering, structural 
see Structural engineering 
Encines 
aircraft, 568 
gasoline 
efficiency, 563 
steam 
efficiency, 563 
power and exhaust strokes, 
564 
English measurement system, 40 
Ephemeris, 796 
Epicycloid, 510 
Equality, 63 
Equality sign, 1 
“congruent”, 2 
“does not equal", 1 
“identical with", 1 
"ought to equal", 1 
Equality statements 
see Axioms, algebraic 


` Equals sign 


see Equality sign 
Equations, 63 
binomial, 256 
chemical 
balanced, 645 
exercises, 647, 759 
defined, 645 
molecular weights, 
determination, 648 
redox 
see Redox reactions 
skeleton, 645 
Clairaut's, 576 
conditional, 169, 192 
defined, 169, 192 
differential 
see Differential equations 
equilibrium, 584 
concurrent forces in 
plane, 594 
free bodies, 585 
non-concurrent forces 
in plane, 594 
parallel forces in plane, 594 
pressure containers, 593 
résumé, 592 
ropes and pulleys, 591 
stresses, 584 
exercises, 173, 255 
fractional, 171, 173, 255 
Galileo's, 455 
general, of second dearee, 
304, 319 
graphs of, 237-240, 256 
linear, 133, 192, 525, 576 
of circle, 296, 319 
of cylinders, 354 
of ellipsoid, 355 
of second degree, 304, 318 
of spheres, 354 
of units, 550 
parametric 
trochoids, 510 
partial differential, 539 
problems, 173, 255 
quadratic, 197, 256 
curve representing, 477 
exercises, 198, 308 
forraula, 252 
exercises, 203, 308 


Equations, cont'd 
quadratic, cont'd 
general, 197 
pure, 201 
roots, 201 
two in number, 201, 203 
solutions 
by factoring, 197-198 
quadratic formula, 199, 
200, 201 
two, 202 
separable, 576 
simultaneous, 193, 256 
elimination, 194, 256 
exercises, 196, 197, 308 
solution 
by elimination, 194 
by quadratics, 204 
unknown quantities 
more than two, 196 
two, 193 
variables, 455 
Equator, 769 
Equatorial plane, 769 
Equilateral, 264, 285, 319 
Equilibrium 
bodies in, 584 
equations, 594 
Equinoctial svstem, 789 
Equivalent, 319, 55] 
Ergs, 563 
Erlanger Programm, 695 
Errors 
absolute, 569, 570 
compensating, 570 
instrument, 569 
observer's, 569 
percentage, 569, 570 
relative, 569 
technical, 569 
Escribed circle, 277, 319 
Euclid, 257, 626 
Euclidean postulate, 261 
Euler, Leonard, 692 
Even numbers, 63 
Excenter, 319 
Excess, 63 
Excircle, 319 
Expansion, 583 ` 
binomial, 252 
coefficients, 669 
cubical, 667 
coefficient, 667 
exercises, 668, 759 
heat causing, 666 
linear, 666 
coefficient, 666 
exercises, 667, 759 
of gases, 670 
coefficients, 670 
of liquids, 668 
exercises, 669, 759 
water, 668 
Exponential series, 219, 252, 256 
Exponents, 498 
see also Numbers, exponential 
defined, 128, 134, 192 
division, 89 
in algebra, 141 
following parenthesis, 135 





Exponents, cont'd 
fractional, 192, 498 
rules, 499 
fundamental laws, 498 
integral, 498 
multiplication, 88 
in algebra, 134, 140 
negative, 192 
subtraction 
in algebra, 141 
Exterior angle, 261, 319 
Extreme 
see Proportion 


F 


Face angle, 333, 383 
Faces 
lateral, 383 
of polyhedral angle, 333 
of polyhedron, 383 
Factor of proportionality, 518 
Factorial number, 182, 252 
Factoring, 149 
see also Factors 
algebraic, 150 
binomial factors, 151, 253 
square of positive, 
151,253 
difference of two cubes, 
155, 156, 254 
difference of two squares, 
154, 254 
exercises, 161, 254 
factors combined, 159 
monomial factors, 150, 253 
square of difference of two 
numbers,153, 254 
sum of two cubes, 155, 
156, 254 
sum of two squares, 155 
trinomials, 156-159, 254 
arithmetic, 149 
defined, 149, 192 
final check, 161, 254 
quadratic equations solved, 
197-198 
Factorization, 192 
Factors, 59, 63, 64 
see also Factoring, Numbers 
algebraic, 134 
combinations of, 159 
common monomial, 150 
defined, 63, 134, 149 
prime, 59, 64, 150, 189 
Fahrenheit 
see Thermometers 
Fallacy, 185, 186, 248, 256 
Farads, 707 
micro-, 733 
micro-micro-, 724, 733 
Farr, Robert N., 39, 101 
Fathom, 40 
Fermat, Pierre de, 688, 692 
Ferrari, Luigi, 688 
Ferro, Scipione del, 688 
Ferrous sulphate 
formula, 642 
Fifteen puzzle, 121 
Figures (numbers) 
see Digits ` ` 




















Figures, plane, 262, 320. 
see also Polygons, Quadri» 
laterals, Rectangles, 
Squares, Triangles 
areas of, 265 
bases of, 265, 318 
congruent, 263 
symmetry, 265 
conic sections, 293 
construction, 279 
Figures, solid, 334 
see also Cones, Cubes, Cylinders, 
Parallelepipeds, Prisms, 
Pyramids 
areas and volumes (Table 
XXIX), 382 
areas of surfaces, 345, 
384, 437 
volumes, 346 
exercises, 349-350, 437 
Filaments, tube, 570 
Fire, proportion of, 741 
Firing tables, 764 
First order, differential 
equations of, 576 
Focus; foci, 319 
Foot 
cubic, 44, 574 
linear, 43, 574 
square, 44, 574 
Foot-pounds, 497 
horsepower equivalent, 
formula, 191 
Force, 553 
compressive, 580 
lines of 
in magnet, 513, 514 
mass times acceleration, 554 
pressure, 593 
tensile, 580 
torque, 555 
units of, 554 
Forces 
see also Energy, Power, Work 
acting upon free bodies, 586 
addition of 
complex numbers involved, 
501 
elasticity of the spring, 552 
equivalents (table), 575 
leverage, 592 
measurement, 555, 
see also Weighing instruments 
density, 556 
pressure, 557 
specific gravity, 556 
measuring instruments, 
balance, beam, 555 
balance, pan, 555 
balance, Westphal, 557 
barometer, 557 
Bourdon tube gage, 559, 561 
dead weight tester, 559 
hydrometer, 556 
manometer, 558 
scales, 555 
steelyard, 555 
testing machines, 561 
parallelogram of, 501 
wedges, 592 
Formulas 
see also Tables and formulas 
addition, trigonometric, 421 


Formulas, cont'd 
air, 191 
application of, 174 
arithmetic progression, 252 
business, 191 
chemical, 642 
combinations, 208 
cubic, 252 
defined, 192 
differentiation (calculus), 468 
distance, 190 
electrical, 190 
electrochemical, 190 
exercises, 175, 255 
functions, trigonometric, 
395, 402 
gases, 191 
geometric progression, 252 
araphs of, 192, 241, 256 
hydrostatic, 191 
integration, 488 
mechanical, 191 
multiple angles, 424 
quadratic, 199 
rectangle area, 174 
sound, 191 
stress and strain, 581 
sum of terms, 252 
taper calculations, 621 
temperature, 191 
trigonometry 
identities, 419 
reduction, 402 
use of, 174 
velocity, 190 
voltage determination, 177 
Formulas, chemical, 642 
coefficients, 642 
subscripts, 642 
Fourier, Jean Baptiste J., 693 
Fractions 
addition, 31, 162 
exercises, 34, 124 
in algebra, 163 
algebraic, 162, 189 
addition, 162-165, 254 
common denominator, 163 
division, 168-169, 255 
list of, 189 
multiplication, 166-168, 255 
subtraction, 165-166, 254 
as integer with negative 
exponent, 142 
canceling, 29, 63 
common, 25, 37, 63 
decimal equivalents, 125 
cross-multiplication, 63 
decimals, 65 
recurring, 74 
defined, 25, 63 
denominators, 25, 63, 
see also Denominator 
like and unlike, 31 
lowest common, 33, 63, 164 
rationalizing, 362 
division, 29, 168 
exercises, 30, 123-124 
in algebra, 168 
equations 
see Equations 
examples, 28, 30, 34, 52 
improper, 26, 63 
in algebra, 162-169 
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Fractions, cont'd 
lowest terms, 64 
mixed numbers 
see Numbers, mixed 
multiplication, 27 
exercises, 28, 123 
in algebra, 166 
negative 
under radical sign, 365 
numerator, 25, 64 
rationalizing, 362 
numerator and denominator 
multiplied by same 
factor, 163 
percentage obtained from, 65 
proper 
see Fractions, common 
reciprocals, 167 
reduction of, 27, 64 
subtraction, 31, 165 
exercises, 34, 124 
in algebra, 165 
Free bodies, 585, 594 
Frequency control, 826 
Frequency modulation, 813 
Frequency oscillations, 538, 707 
Frustum, 336, 344, 383 
area and volume, 382 
Fulcrum and lever 
force applied 
formula, 191 
Functions, 453, 459 
argument, 454 
at maximum, 479 
at minimum, 479 
basic 
integrals, 512 
continuous, 457 
continuous at a point, 458 
derivatives 
at maxima or minima, 481 
slope of curve determined, 
477 
implicit, 483 
linear, 477 
of variables, 453, 459 
two or more, 485 
plotting of, 535 
quadratic, 477 
sum of integral, 487 
symbols, 459 
theory, 452 
transcendental, 477 
trigonometric, 394, 448 
acute, of right triangles, 406 
angles 
0°, 398 
30°, 397 
45°, 396 
90°, 398 
180°, 398 
270°, 398 
multiple, 424 
products and sums, 
424-427, 507 
angular, 404 
exercises, 406, 506 
computation, 395 
formulas, 395, 419 
graphs, 401 
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Functions, cont'd 
trignometric, cónt'd 
identities, 418, 448 
addition formulas, 
421-424, 507 


fundamental, 419, 421, 507 


use of, 420 
inverse, 427-428, 448, 507 
derivatives, 473 
known; finding angles, 404 
logarithms of, 444-447 
of functions 
differentiation, 472 
reduction ` 
exercises, 404, 506 
formulas, 402 
relationships, 419 
selectivity in using; 405 
signs of, 398, 440 
triangles 
right, 406. 
values of, 399, 441 
442-443, 459 
values of 
maximum ordinate, 479 
minimum ordinate, 479 
Fundamental operations 
see Arithmetic, Algebra 


G 


GMV, 649 
Gages 
blocks, 545 
checking, 546 
Hoke, 546 
Johansson, 545 
Bourdon, 561 
dial, 545 
plug, 545 
pressure, 559 
ring, 545 
Galileo 
air thermostope, 662 
equations, 455 
heat investigations, 662 
laws of falling bodies, 521 
Gallon, 41, 62, 574 
equivalent in eubic inches, 44 
imperial, 41 
Galois, Évariste, 694 
Galvanometé?, 714 
Gases and vapors, 649 
Boyle's law, 191, 671 
characteristics, 670 
Charles's Law, 191, 671 
condensation, 670 
density, 653 
dry 
heating values (table), 703 
equation, 672- 
exercises, 651, 759 
expansión 
coefficients (table), 700 
exercises, 674, 759 
formulas, 191 
Gay-Lussac's law, 671 
normal temperature pressure 
(NTP), 649 
pressure 
standard, 671 
volume affected by, 670 


Gases and vapors, cont'd 
specific heat 
table, 700 
thermal data 
table, 703 I 
thermal éxpansioii, 670 
volume 
Charles's law, 191 
volume measurement, 649 
Avogadro volume, 649 
Gram Molecular Volume, 
649 | 
weight deterniination, 
649, 673 
Gauss, Karl F., 692 
Gay-Lussáé's law 
gases 
volumé proportiónal to 
temperature, 672 
Gearing, 615 : 
bevel gears, 837 
change gears, 635, 704 
compound, 618, 635 
exercises, 618, 620, 704 
simple, 617 
250 teeth, 632 
General equation of second 
degree, 304, 319 
Generation of angle, 386 
Generator, 294, 319 
Generatrix, 341, 343 
Geodesy 
_ see Distaücés, shortest 
Geometric series | 
see Series 
Geometry, plane, 257-308 
analytic, 688 
point defined, 789 
axioms 
see Axioms, Geometrie 
concepts and ideas, 257 
congruétice, 263  — 
construction, 279-292 
defined, 257, 319 
element, 257 
exercises, 278, 376 
figures, plane, 262, 279, 316 
formulas, 190 
geometrié terms ` 
exercises, 260-261, 376 
in calculus, 456 
lines 
see Lines, geometric 
Pythagorean theorem, 268, 
274, 320, 358 
slide-rule settings (Table 
XXVIII), 381 
tools, 258, 279 
compasses, 258, 281, 318 
dividers, 258 
drawing board, 279 
drawing triangles, 280 
protractor, 258, 280 
ruler, 258, 279 
straight edge, 258, 279 
T-square, 280 
use in radio, 810 
Geometry, solid, 321-357 
elements, fundamentai, 321 
formulas, 195 
perpendiculars 
see Perpendiculars 


881 


Geometry, cont'd 
planes 
'see Planes 
solid figures, 334 
Gold 
measurement unit, 44 
Grains (measurement), 44, 575 
Gram, 42, 62, 575 : 
measurement unit, 44 
weight unit, 41 
Graphs, 230, 256 — 
bar type, 230, 231, 256 
broketi-line type, 230, 233 
circle type, 230, 235, 256 
complex numbers, 500 
construction 
axes, 237 
cross-section paper, 256 
origin point, 237 
points, location of, 256 
quad-ruled paper, 256 
quadrants, 237, 392 
squared paper, 256 
curved-line type, 230, 233 
curves, 256 
imaginary humbers, plotted, 
500 
line type, 233, 256 
of derivatives, 474 
of equations, 237, 256 
linear, 238 
simultaneous, 239 
of formulas, 237, 241, 256 
straight-line type, 241 
of functions, 535 
of triaonomeétric functions, 401 
pictogram, 237, 256 
picture type, 230, 236, 256 
pie type, 235, 256 
polar, 501 
preparation, 231, 237 
statisti cal, 231, 256 
types of, 230 
vectors, 501 
Graphical differentiation, 486 
Gravity 
center of, in circular 
arc, 495 
probiems involving 
use of vectors, 501 
specific 
see Specific gravity 
Great circle, 351, 383 
sailing, 786 
exercises, 789 
Greater than 
symbol, 316 
Greek alphabet, 441 
Greek metric prefixes, 42 
Greenwich 
meridian, 769 
time, 795 
Ground speed, 799: 
Grouping, defined, 192 
Grouping, signs of 
brace, 144 
bracket, square, 144, 192 
defined, 144 
parenthesis, 134 
plus or minus sign 
preceding, 144 
vinculum, 144 
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Gunnery 
see Military gunnery 


H 


Hairline 
see Slide rule 
Half angle, 424, 448 
Half life of radium, 517 
Hanoi's tower, 246 
Harmonics, 811 
Harvey, Herbert, 230, 429, 
449, 680 
Heat, 661-679, 840-849 
see also Expansion, 
Temperature 
caloric determination, 190 
defined, 661 
energy of 
measurement 
see Calorimetry 
vs. other forms, 661 
equivalent 
table, 575 
expansion due to, 583, 666 
formulas, 191 
Galileo's investigations, 662 
gases, 700 
gram calories 
formula determining, 191 
latent, 675 
measurement 
quantity, 661 
temperature, 661 
measuring instruments 
thermometers, 662 
see also Thermometers 
thermostat, 664, 665, 
see also Thermostat 
mechanical energy, 
relationship, 678 
production of, 662 
specific, 675 
thermal capacity, 706 
units 
British Thermal, 675 
calorie, 675, 706 
Hecto (as prefix) 
see Hekto- 
Hefner, Ralph A., 705 
Height, 321 
cone, caiculations, 638 
slant, 344, 384 
Hektare 
acre equivalent, 43 
Hektogram, 42 
Hektoliter, 42 
Hektometers, 42 
Hektometers, square 
hektare, term in use, 43 
Henry (unit), 707 
Heptagon, 319 
Hexagon, 315, 319 
area, 316 
construction, 287 
Hexahedron, 383 
Higher decimals, 476 
Higher order differential 
equations, 576 
Hilbert, David, 695 
Hindus, 46 
Hoke gage blocks, 546 


Hollow, 382 
Hooke, Robert, 561 
law of, 497, 532, 561 
Horizon system, 789 
Horizontal, 63, 258, 319 
Horsepower 566 
effective pressure exploded 
gases equivalent, 
formula, 191 
electrical 
formula, 190 
foot-pounds equivalent 
formula, 191 
Hour angle, 793 ` 
Hour circle, 791 
Hydraulic machines, 561 
Hydrogen i 
density standard, 653 
valency, 644 
weight, 674 
Hydrogen ion concentration, 
659 
Hydrometer, 556 
Hydrostatics 
force exerted by head of liquid, 
formula determining, 191 
pressure 
formula determining, 191 
Hynes, Walter A., 641 
Hyperbolas, 295, 302, 319 
exercises, 303, 377 
plotting, 302 
Hypotenuse, 268, 319 
see also Pythagorean theorem 


| l 
Ice 
conversion to steam, 675 
Icosahedron, 383 
“Identical with” sign, 1 
Identities, trigonometric 
see Functions 
Identity, 63, 163, 192 
Imaginary numbers 
see Numbers, imacinary 
Impact, center of, 753 
Impedance, 733, 802, 810 
Improper fractions, 63 
see also Fractions 
Incenter, 277, 319 
Inches, cubic, 44 
equivalent in cubic 
centimeters, 44 
Inches, linear, 43, 574 
metric equivalent, 43 
Inches, square 
area measurement unit, 43 
square centimeters, compared, 
43 
Included angle, 263, 319 
Index head, 627 
Indexing 
angles, 630 
calculations, 628 
defined, 627 
differential, 631 
for angles, 630 
index crank, 628 
exercises, 630, 704 
index head 
exercises, 631, 704. 
plate and sector use, 629 
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Indicator 
see Slide rule 
Inductance 
henry (unit), 707 
radio, 802 
time constant, 727 
Inductive reactance, 733 
Inertia, 448, 495 
Inference, 281, 319 
Initial position, 448 
Inscribed circles, 290, 316, 
319, 417 
Instrument errors, 569 
Instruments, measuring 
see Forces, Measurement, 
Precision instruments 
Integers, 25, 48, 63, 
see also Numbers 
exercises, 51, 124 
factors, 59-60, 63 
operations with 
see Arithmetic 
perfect square, 256 
positive 
factors, 59-60 
Integral calculus, 487-492 
see Calculus 
Integral numbers, 48 
Integrals 
definite, 489 
of basic functions, 512 
short cuts for finding, 491 
tables, 492 
Integrating 
see Integration 
Integration, 487 
by parts, 491 
by substitution, 491 
definite integrals, 489 
exercises, 489, 572 
formulas, fundamental, 488 
integral table, 492 
. problems, 505, 573 
process leading to, 489 
short cuts, 491 
Interior angles, 261, 319 
Interest 
computation 
formulas, 191 
Interference bands, 546 
Interpolation, 448 
Intersection, 259, 319 
Inverse proportion, 86, 128 
Inverse trigonometric functions, 
427 
Invert, 29, 63 
lons 
hydroxyl, 659 
Irrational numbers 
see Numbers, irrational 
Irregular areas, measurement of, 
313, 314 
Isosceles, 264, 315, 316, 319 


J 


Jewels 

measurement, 44 
Johansson gage blocks, 545 
Joules, 563, 705 

foot-pound equivalent, 705 


A 
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Kasner, Edward, 321 

Khammurabi, Code of, 578 

Kilograms, 42, 44, 554, 575 

Kiloliter, 42 

Kilometer, 42, 43 

Kilo-units, 208 

Kilowatts, 576, 706 © 

kilowatt-hour, 706 

equivalent in joules, 706 
formula, 190 


Kimball, Reginald Stevens, 1, 88, 


129, 222, 293, 358, 500 
Kinetic energy, 448 
Kirchhoff, G. R 719 

laws, 719, 737, 801 
Kite, 316, 319 
Klein, Felix, 695 
Known quantities, 131, 192 


L 
Ë C D. 
see vec lowest 
Com 


curand: Joseph L., 692 
Land 
measurement, 43 
Latent heat, 675 
Lateral área 
see Area, lateral 
Lateral surfaté 
see Surfaces 
Lathes 
see Tools, powér 
Latin metrié prefixes, 41 
Latitude, 769, 862 
parallels of, 769 
90? angle with meridian, 
TIO. 
Lead, finding, 617 
Least common multiple, 32, 63 
Least count, 543 
Lebesgue, H. L., 695 . 
Leibnitz, Gottfried W., 691 
Lemniscate, 511 
Length 
defined, 821 
equivalents 
table, 574 i 
fundamental quantity; 553 
measuremeñt of, 540 
measuring standards, 40, 
41, 43 
thermal expansion, 583, 666 
Less than 
symbol, 316 
Letters 
subscripts, 130, 192 
use in algebra, 129 
Levers, 592 
Light 
interference bands, 546 
Limacon, 511 
Limits 
see Variables 
Line graphs, 233, 256 _ 
Line-segment, 258, 285, 319 
Linear equations, 133, 192, 
25, 576 
graphs of, 238 
Linear expansión 
see Expansion 


Linear measure, 62, 574 
Lines, geometric, 257, 819 
asymptotes, 318 
bisection, 259, 282. 
eurtàte cyeloid, 510 
curved 
intersect oi several points, 
259 


drawing, 281 
horizontal, 258, 259 
midpoint; 259 B 
oblique, 258, 319, 325 
exercises, 325, 436 
parallel, 261, 320 
cut by transversal, 261 
drawing öf, 281 
exercises, 263, 376 
liné perpendicular to one, 
perpendicular to all, 262 
E by angles, formed, 


perpendicular, 260 
drawing, 282 — 
projection of, 327 
ray, 259 
rhumb, 770 
segments, 259 
equal division of, 283 
equality, 264 ` 
projection, 329 
straight, 257, 320 
intersect at one point, 259 
short distante between two 
points, 258, 320, 357 
without rulers, 374 
Bumper, 796 — 
undulating, 510 
vertical, 258 
Lines of force, 513 
Liquid méasure, 62, 549 
Liquids 
density and speċifi 
gravity, 556 
expansion of, 668 — — 
gas conversion to; 670 
pressure upon ` 
Pascal's law, 496 
specific gravity, 654 ` 
thermal expansion, 668 
Liter, 42, 44 
dry and liquid equivalents, 
44, 549 
volume unit, 41 
Literal numbers, 133, 192 
Literal part of term, 133 
Littauer, Sebastián B,, 741 
Loads, 588 
beanis, 597 ' 
columns, 596 
Lobatchewsky, Nikolas h; 694 
Local solar time, 794 
Loci, 331 
Logarithmic series, 219, 256 
Logarithms, 88-100 
antilogarithms, 96, 128 
base, 128 
Briggan, 256, 690 
characteristics, 91, 128 
determination of, 92 
exercises, 92; 187 
negative, 92 
positive, 92 


Logarithms, cont'd 
cologarithms, 98, 128 
exercises, 99, 188 
combining operations, 100 
common, 220-221, 256 
defined, 128 
division 
exercises, 98, 188 
exponents, 88 
finding of, 93 
history, 689 
interpolation 
exercises, 96, 188 
for proportional parts, 95 
mantissa, 92, 128 
exereises, 93, 187 
finding of, 94 
multiplication, 97 
exercisés, 97, 188 
Naperián, 219, "356 
natural, 220, 256 
e as base, 464 
parts of, 91 
powers, 88 
changing of, 99 
exercises, 100, 187 
powers of 10, 89..90 
roots of numbers, 100 
tables, 91, 128-127 
how to use, 93 
trigoñomeétrie, 408, 444-447 
Longitude, 769 
Lowest common denomiñatór, 
31,63, 164, 165 
Lowest terms, 27, 64 
Lune, 383 
M 
McGiffert, James, 25, 65, 211 
Machine-shop practice, 598-635, 
837-840 
see also Tools, power 
cone height caleulations, 639 
cutting speeds, 598 
drilling time, 607 
gearing, 615 
indexing, 627, 
see also Iüdéxing 
lathes and drili presses, 599 
exercises, 601, 704 
machining time, 606 
milling time, 609 
planing time, 611 
shaping time, 611 
taper éalculations, 620 
threads and tap drills, 612 
exercises, 615, 704 
time for machining, 606 
Machinery 
éfficieney, 563 
power developed by, 567 
Machining, time for, 606 
Maclaufin, Colin, 691 
Maedel, George F., 801 
Magic square, 55, 185 
Magnets 
horizontal bar 
differential équátion, 521 
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Magnets, cont'd 
lines of force, 513, 514 
vertical bar 
differential equation, 514 
Magnitudes 
infinitesimal, 457 
Manometer 
closed-tube, 558 
open-tube, 559 
Mantissa 
see Logarithms 
Map-reading, 855. 
Mass 
equivalents 
table, 575 
fundamental quantity, 553 
units of, 554 
weight, relationship, 553 
Materials 
see also Matter, Solids, 
Substances 
beams, 588 
loads, 597 
behavior of, 581 
table LII, 638 
cutting speeds, 606 
deformations, 583 
ductility, 582, 583 
elastic limit, 582 
elasticity, 581, 582 
fabrication, medium, 583 
factor of safety, 584 
girders, 588 
loads, 588 
see also Loads 
boom pole, 590- 
per cent elongation, 582 
properties, 579 ` 
exercises, 582, 704 
proportional limit, 582 
ropes and pulleys, 591 
specifications, 579 
steel, structural 
stress-strain curve, 581 
stiffness, 583 
stress and strain, 580 
see also Stress and strain 
stress-strain curve, 581 
tensile strength, 582 
thermal expansion, 583 
unit strain, 580 
unit stress, 580, 583 
deformation, 581 
equilibrium equations, 584 
vs. unit strain, 583 
Mathematics 
defined, 1, 64 
history, 686-695 
Arabian mathematicians, 
688 
calculus, 691 
geometry, 688 
Indian mathematicians, 687 
Italian mathematicians, 688 
logarithms, 689 
Matter 
see also Materials, Solids, 
Substances 
forms of, 652 
indestructible, 645 
Maxima and minima 
application, 481 


Maxima and minima, cont’d 
defined, 479 
exercises, 484, 571 
general rules, 484 
problems, 481, 503-504, 572 
short cuts in determining, 483 
Maximum ordinate, 479 
Maximum points, 479 
Mean proportional, 268, 319 
Measurement 
see also Mensuration 
angles 
see Angles 
area, 43, 313, 548 
see also Areas 
units of, 43, 548 
atmospheric pressure, 557 
capacity, 44 
conversion to similar units, 77 
cubic, 44, 62 
denominate numbers, 77, 128 
dry, 44, 62 
earth's surface, 547 
electricity, 705 
errors, 569 
foot-pounds, 497 
forces 
see Forces 
fundamental quantities, 553 
heat, 662 
instruments 
calibrated, 541 
calipers, 541 
non-precision, 541 
precision, 541 
see also Precision instruments 
rule, 541 
scale, 541 
tape, 541 
length, 40, 41, 43, 540 
linear, 44, 62 
liquid, 44, 62 
metric system, 41 
of mercury, 549 
of sphere, 352 
precision, 568 
square, 43, 62 
standards of, 39, 40, 540 
interval of graduation, 541 
legal status, 42 
primary, 540 
secondary, 540 
tertiary, 540 
stress and strain, 560 
surface, 43 
systems of, 40 
English, 40 
metric, 40 
see also Metric system 
thermometer 
see Thermometer 
thermostat 
see Thermostat 
time, 40, 45, 62 
units of, 39 
acre, 43 
see also Acres 
bushel, 44 
cubic, 44 
see also name of unit 
fathom, 40 
foot, 40, 43 
gallon, 41, 44 
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Measurement, cont’d 
units of, cont'd 
grains, 44 
inch, 40, 43 
knot, 770 
meter, 41 
see also Meters 
mile, 43 
nautical, 770 
ounces, 44 
pound, 40, 44 
squared, 43 
see also name of unit 
tons, 44 
yard, 40, 43 
see also Yards 
volume, 44, 548, 549 
see also Volume 
weight 
see Weight 
Measures 
see Measurement 
Measuring instruments 
see Forces, Measurement; 
Measurement; Precision 
instruments; Stress and 
strain, measurement; 
Thermometers; Thermostat; 
Weighing instruments 
Measuring rod, 114, 124, 242, 
255, 305, 368, 433, 438, 507 
aliquots, 116, 188 
angles, 305, 377 
averages, 117, 188 
circles, 306, 378 
parts of, 307, 379 
conic sections, 307, 379 
decimals, 115, 188 
differentials, 504, 573 
fractions and mixed 
numbers, 52 
integers, 51 
integration, 505, 573 
maxima and minima, 
503-504, 572 
numbers 
denominate, 117, 188 
percentages, 115, 188 
polygons, 305, 378 
rates, 505, 573 
ratio and proportion, 118, 188 
triangles, 305, 378 
Mechanical 
formulas, 191 
Mechanical drawing 
coordinate planes in, 328 
Mechanical energy, 678 
Mechanics 
efficiency, 563 
measurement 
fundamental quantities, 553 
resonance phenomena, 537 
Median, 277, 319 
Menger, Karl, 513 
Meniscus, 549 
Mensuration, 540 
see also Measurement 
angles, 540 
exercises, 546, 552, 554, 557, 
. 560, 566, 568, 637 
fundamental dimensions, 553 
instruments, 548 
length, 540 
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Meg-units, 708 
Mercator chart, 786 : 
Mercury 
atmospheric pressure on, 671 
expansion coefficient, 669 
measurement, 549, 575 
specific gravity, 557 
Meridians, 769 : 
prime, 769 
Mesothorium, 517 
Meters, 42 
equivalent in inches, 43 
length units 41, 43, 574 
Meters, cubic, 44, 574 
stere, 44 
Meters, square 


square yards, compared, 43, 574 


Metric system, 40, 41, 128 
capacity units, 44 
currency divisions based 

upon, 42 
decimals, basis of, 41 
length units, 41, 43 
measurement units, 41, 62 
legal status, 43 
meter, see Meters 
multiples, Greek prefixes, 42 
subdivisions, Latin prefixes, 41 
tables, 42, 62 
units of 
gram, 41 
liter, 41 
meter, 41 
volume units, 41, 44 
weight units, 41 
legal status, 43 

Michael, William W., 769 

Micro-units, 707 

Micrometers, 543 
metric, 545 

Microscopes 
electron, 569 
measuring, 546 

Mid-ordinates rule, 313 

Mid-point, 277, 319 

Middle latitude sailing, 774 

Mile 
linear, 43, 574 
nautical, 770 
square, 44, 574 

Military gunnery, 741-758, 

851-855 
see also Trajectory 
aiming point, 741 
effective range, 754 
firing angles, 747 
exercises, 747, 829 
firing tables, 764 
corrected density and 
tempercture, 763 
d table, 767 
degrees and minutes: 
conversion to mils, 763 
natural functions of angles 
in mils, 768 
s and d tables, 766 
wind components, 765 
range finders, 741 
direction, 744 
exercises, 744, 746, 828 

Mititary protractor, 858 

Milli-units, 707 

Milligram, 41 





Milliliter, 41 
Millimeter, 41, 43, 389 
Millimole, 655 
Milling machines 
see Tools, power 
Milliradians, 389, 448 
mils, relationship, 391 
Mils 
enale unit, 385, 391, 448 
milliradians, relationship, 391 
natural functions in, 768 
Minima 
see Maxima and minima 
Minimum ordinate, 479 
Minimum points, 479 
Minuend, 64, 67 
Minus, 64 
see Subtraction 
Minus sign, 2 
change to and from plus in 
algebra, 139 
two, become plus in algebra 
139 
Minutes of angles, 385, 387, 448 
conversion to mils, 763 
expressed in radians, 440 
Mixed numbers 
see Numbers, mixed 
Mixtures, chemical, 562 
heterogeneous, 652 
temperature 
computation, 675 
exercises, 676, 759 
Modulation 
amplitude, 812 
frequency, 813 
Modulus of elasticity, 638 
Molarity, 655 
exercises, 657, 759 
Molecular weights, 642, 655, 703 
determination 
exercises, 649, 759 
exercises, 643, 759 
in equations, 648 
percentaae composition, 642 
Molecules, 641 
formulas, 642 
sübscripts, 642 
of compounds, 642 
of elements, 641 
Moment 
see Torque 
Moment of inertia, 495 
Monetary notation, 50 
Money 
coin divisions 
metric basis, 42 
Monomial factors, 150 
Monomial terms, 134, 192 
Motion 
diurnal, 792 
linear 
energy of, 566 
rotary, 567 
see also Torque 
solar, 792 
Moving bodies, 594 
Multiple, 17, 64 
common, 63 
least common, 63 
Multiple angle, 424, 448 
Muitiplicand, 14, 64 


Multiplication, 12, 64 
checking correctness, 15 
casting out 9's, 15 
casting out 11's, 16 
complex numbers, 367, 502 
continued products, 16 
decimals, 67 
approximate, 69 
contracted, 69 
denominate numbers, 80 
exercises, 14-15, 51 
solutions, 123, 124 
exponents, 88 
fractions, 27 
in algebra, 166 
imaginary numbers, 365 
in algebra, 139-141 
exponent following 
parenthesis, 135 
fractions, 166 
polynomials, 146 
logarithms, 97 
mixed numbers, 37, 52 
multiplier, 64 
product, 64 
radicals, 361 
short-cuts, 16, 57 
sign, 2 
slide rule use, 105 
times sign, 2 
with several digits, 13 
Multiplier, 14, 64 
Musical instruments 
resonance phenomena, 537 
Myriacram, 42 
Myrialiter, 42 
Myriameter, 42 
Mystic eight, 121 
Mystic one, 55 


N 


N. C., 614, 640 
N. F., 614, 640 
N. T. P., 649 
Napier, John, 690 
logarithms, 219, 256 
rules, 784 
Nanpe, 294, 319, 343 
Natural logarithms, 220, 256 
Naught 
see Zero 
Nautical Almanac, 795, 796 
Nautical mile, 770 
Navigation, 769-800, 859-864 
aerial, 769, 799, 864-867 
air-speed, 799 
celestial navigation, 799 
charts, 800 
dead reckoning, 799 
ground-speed, 799 
pilotina, 799, 800 
radio, 799 
table, 830 
wind's influence, 799 
estronomic, 795 
lines of position, 795 
exercise, 799 
astronomie definitions, 789 
see also Astronomic 
definitions 
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Navigation, cont'd 

bearing, 770 

calculation of course, 771 
dead reckoning, 775 
exercises, 777 


middle latitude sailing, 774, 


176 
parallel sailing, 774 
plane sailing, 771 
traverse sailing, 773 
celestial, 769, 795, 831-832 
defined, 769 
departure, 770 
distance, 770 
great-circle sailing, 786 
exercise, 789 
great-circle path, 786 
marine, 769 
Mercator chart, 786 
methods 
celestial, 769, 795 
dead reckoning, 769 
piloting, 769 
radio, 769 
motion 
diurnal, 792 
solar, 792 
Nautical Almanac, 795, 796 
piloting 
celestial navigation, 
compared, 795 
defined, 777 
exercises, 780 
radio bearings, 780 
reckoning, 777 
pole, elevation of, 792 
position and distance 
earth's axis and poles, 769 
equator, 769 
latitude, 769 
parallels, 769 
longitude, 769 
meridians, 769 
prime, 769 
radio, 769 
sailing 
composite, 788 
middle latitude, 774 
parallel, 774 
plane, 771 
traverse, 773 
ship's course, 770 
units of distance 
azimuth, 770 
departure, 771 
knot, 770 
nautical mile, 770 
rhumb line, 770 
Negative 
see Minus 








Newton, Isaac (Sir), cont'd 

observations 

bodies at rest or in 
motion, 584 

Nickel-chrome 

behavior, 638 
Nim, game of, 246 
Nine-points circle, 277, 319 


Nines, casting out, 7, 12, 15, 22 


Nodulus, 502 


Non-precision instrument, 541 


Non-repeating decimal, 256 
Nonagon, 315, 319 
Notation, differential, 473 
Numbers, 64 
see also Factors, Integers 
addend, 63 
base, 128 
complex, 366 
absolute value, 502 
addition, 366 
angle of product, 502 
division, 367, 502 
exercises, 367, 438 
forces involving, 501 


graphic representation, 500 


multiplication, 367, 502 
polar form of, 501 
subtraction, 367 
constants, 453 
numerical, 454 
symbols, 459 
. cube of numbers, 251 
cube root, 112, 128 
see also Cube root 
cubed, 88, 111, 128 
slide rule use, 111 
cubing, 111 
slide rule use, 111 
denominate, 77, 128 
addition, 78 
division, 82 


exercises, 79, 80, 82, 83, 


187 
multiplication, 80 
problems, 117, 188 
subtraction, 79 

digits 
see Digits 
discrete, 452 
divisibility determined, 58 
even, 63 
exponential 
extraction of root, 498 
raising power of, 498 
exponents 
see Exponents 
factorial, 185, 252 
factors, 59, 63 


imaginary, 202, 358, 363, 500 


Negative angle, 260, 319 
Negative exponents, 141, 192 
Negative numbers, 134 
Negative powers, 89, 198 
Negative resistance, 816 
Neutralization, 815 
Newton (unit), 554, 575 
Newton, Isaac (Sir), 691 
laws 
force producing an 
acceleration, 532 
of cooling, 521 


addition, 365 
combining, 366, 438 
defined, 383 
division, 36€ 


fundamental operations, 365 


graphic representation, 500 
multiplication, 365 
negative expression under 

radical sign, 363 
plotting graphically, 500 
subtraction, 365 
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Numbers, cont'd 


in algebra 
negative, 136 
positive,135 
integral, 48 
see also Intearals. 
relationship, 358 
irrational, 201, 358 
cube root, 359 
defined, 383 
exercises, 363, 438 
square root, 359 . 
literal, 133, 192 
logarithms of, 126 
mixed, 27, 35, 64 
addition, 35 
decimal point, 63 
division, 37 
exercises, 37, 52, 124 
multiplication, 37 
subtraction, 36 
multiples of 10 
Greek prefixes, 42 
Latin prefixes, 41 
negative, 132, 451 
odd, 64 
place value, 61 
pointing off in groups of 
three, 47 
positive, 132, 192 
powers 
see Powers 
prime, 59, 64, 150 
Pythagorean, 268, 274, 320, 
358, 686 
radical 
see also Radicals 
defined, 384 
derivation, 358 
rational 
defined, 384 
denominators, 362 
real, 202, 256 
reciprocals 
see Reciprocals 
roots of, 100 
round, 64 
signed, in algebra, 131, 192 
square of numbers, 250 
square root, 109 
see also Square root 
logarithm use, 100 
slide rule use, 109 
squaring, 88 
logarithm use, 99 
slide rule use, 108 
subscripts, 130, 192 
sum of n, 252 
surd, 360, 384 
systems 
early, 45 
through the ages, 45-50 
exercises, 50, 124 
triples, 274, 319 
unspecified, 452 
variables 
see Variables 
whole, 25 
writing of, 48 
zero, use of, 48 
Numerals, 64 
Arabic, 3, 47 
Egyptian, 45 
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Numerals, cont'd 
Hindu, 46 
Roman, 46 
Numerators, 25, 64, 162 
rationalizing, 362 


Ó 


Oblique, 258, 319 
Observations, celestial, 795 
Octagons, 315, 319 
area, 316 
construction, 288 
Octahedron, 383, 384 
Odd number, 64 
Off-center, 319 
Ohm (unit), 705 
Ohm's law, 709, 730, 737, 801 
One, mystic, 55 
Opposite side, 406, 448 
Optical flat, 546 
Optical illusions, 372 
Orbit, 319 
Ordinates, 486 
in measuring, 313 
maximum, 479 
mid-ordinates, 313 
minimum, 479 
partial, 487 
Orthocenter, 277, 319 
Oscillations 
frequency, 538 
Ought 
see Zero 
Oughtred, William, 690 
Ounces, 44, 62, 574 
Ovals 
Cassinian, 511 
Oxalic acid, 654 
Oxygen 
atomic weight, 641 
density standard, 653 
standard element, 641 
symbol, 642 


P 


Du value, 659 
Pan balance, 555 
Pantograph, 375 
Paper 
cross-section, 256 
Pappus, 691 
Porabola, 294, 300, 320 
exercises, 301, 377 
plotting, 300 
Parallax, 549 
Parallel, 320 
circuit, 711 
condensers, 725 
lines, 260, 262, 281, 332 
resistance, 710 
sailing, 774 
symbol, 316, 320 
Parallelepipeds, 339 
area, 348, 382 
defined, 384 
exercises, 340, 437 
volume, 348, 382 
Parallelograms, 264, 316, 320, 
see also Quadrilaterals 
angles of, 263, 264 


Parallelograms, cont’d 
area, 265 
of forces, 501 
opposite sides equal, 264 
rectangle, 264 
rhombus, 264 
square, 264 
Parameters, 454, 485 
Parametric equations, 511 
Parenthesis, 64 
exponent following, 135 
terms grouped within, 134 
Partial differential eguations, 539 
Partial differentiation, 485 
Partridge, Seth, 690 
Pascal's law, 496 
Pascal's limacon, 511 
Pascal's trianale, 249, 256 
Pentagon, 288, 315, 320 
area, 316 
Pentagonal prism, 339 
Pepper, P. M., 686 
Per cent 
defined, 65, 72 
Percentage, 72 
aliquots, 74 
computation 
quantity given, 72 
quantity of larger quantity, 
73 I 
error, 569 
exercises, 75, 187 
fraction converted to, 65 
problems, 115, 188 
Per centum 
see Per cent 
Perfect square, 256 
Period, 64 
Permutations, 205, 206, 256 
exercises, 208, 308 
formulas, 252 
Perpendicular, 260, 282, 320, 323 
bisectors, 271 
exercises, 324, 436 
lengths to plane, 324 
symbol, 316, 320 
Phase, 730 
Phosphoric acid, 654 
Phosphorus 
symbol, 642 
Physical constants of elements, 
699 
Physics, calculus in, 455 
Pi, 388,448 ` 
Pickering, William H., 661 
Pictogram, 237, 256 
Picture graphs, 237 
Pie graph, 235. 256 
Piloting, 769, 777, 800 
Pipettes, 550 
Piston travel, 564 
Placement, 40, 48, 64 
Placement number value, 19 
Plane angle 
see Angle 
Plane figures 
see Figures, plane 
Plane sailing, 773 
Planers 
see Tools, power 
Planes, 259, 320, 351 
angles formed by, 330 


Planes, cont'd 
coordinate, 326, 383 
coplanar, 383 
determining, 321 
exercises, 322, 436 
intersecting, 322 
exercises, 323, 436 
perpendiculars to, 324 
shortest distance between, 357 
Piañimeters, 548 
Amsler Polar, 548 
Coffin averager, 549 
Plate resistance, 807 
Platform scale, 555 
Plug gage, 545 
Plumb-bob, 547 
Plus sign, 2, 64 
change to and from minus 
in algebra, 139 
Poincaré, Henri, 695 
Point 
see Decimal point 
solutions through, 529 
Points, geometric, 257, 320 
Points in space 
distance between, 326 
locating, 325 
exercises, 327, 436 
measuring projections, 329 
exercises, 330, 436 
projections of lines, 327 
exercises, 327-328, 436 
projections of points, 328 
exercises, 329, 436 
Points of infiection, 479 
Points, special, of triangle, 277 
Polar coordinates, 501 
Polar planimeter, 548 
Pole, elevation of, 792 
Poles 
circle bisecting sphere, 351 
Polonium, 517 
Polygons, 320 
area, 265, 315 
circumscribed, 318 
classification of, 315 
construction, 287 
problems, 305, 378 
spherical, 384 
sum of angles, 263 
triangle with equivalent 
area, 275 
Polyhedra 
see Polyhedron 
Polyhedral angles, 333 
Polyhedron, 338 
area and volume, 383 
defined, 384 
face, 383 
Polynomial terms, 134 
addition, 142 
exercises, 143, 253 
combined 
grouping signs, 134, 144 
sign preceding group, 144 
defined, 192 
division, 147 
exercises, 149, 253 
factoring, 149 
see Factors 
grouping, 144 
exercises, 145, 253 
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Polynomial terms, cont'd 
multiplication, 146 
exercises, 147, 253 
prime factors, 189 
radicals, 361 
subtraction, 143 
exercises, 144, 253 
signs in subtrahend 
changed, 144 
Poncelet, J. V., 693 
Population 
equations, 519 
Position 
celestial observation, 795 
dead reckoning, 863 
plotting, 861 
Positive angles, 260, 320 
Positive integers 
see Arithmetic 
factors, 59 
Positive numbers, 135, 140, 192 
. Postulates, geometric, 257, 320 
Euclidean, 261 
Pound 


kilogram fraction equivalent, 44 


troy, 42 
weight unit, 40, 44, 62, 554, 
575 
Pound mass, 554 
Poundal, 554 
Power, 566, 
see also Energy, Forces, Work 
defined, 566 
equivalents 
table, 576 
measurement, 567 
radio, 802 
sources of, 567 
units of, 566 
work per unit time, 554 
Power transmission ` 
problem, 481, 849 
Powers, 88, 222, 256 
concepts of, 222 
derivatives, 471, 475 
higher, 256 
lowering 
table or slide rule use, 222 
negative, 128 
OF 2-88 . 
ten-billionth, 374 
of 3, 88 
of 5, 88 
of 10, 89-90, 223 
raising, 99, 223 
roots of, 222 
second, or square, 222 
third, or cube, 222 
use of logarithms, 99 
use of slide ruie, 108 
zero, 89, 128, 142 
Precision instruments, 541 
area measurement 


Amsler Polar Planimeter, 548 


Coffin averager, 549 
dial gage, 545 
gage blocks, 545 

checking, 546 
gages, 545 
micrometer, 543 
metric, 545 

vernier type, 545 


Precision instruments, cont'd 
microscope 
measuring, 546 
protractors 
vernier, 547 
theodolites, 547 
transits, 547 
vernier, 542 
vernier caliper, 542 
 vernier scales, 542 
Pressure 
absolute, 558 
atmospheric, 557, 558 
on mercury, 671 
barometric, 558 
Coffin averager, 564 
containers, 593 
defined, 557 
equivalents 
table, 575 
hydrostatic, 593 
measurement 
manometer, 558, 560 
on surface, 496 
Primary standard, 540 
Prime factors 
see Factors 
Prime number, 64 
Prismatoid, 382 
Prisms, 338 
area, 339, 382 
classification, 339 
defined, 384 
exercises, 339, 437 
lateral area, 339 
non-adjacent faces 
shortest distance between, 
357 
pentagonal, 339 
quedrangular, 339 
regular, 384 
right, 384 
triangular, 384 
truncated, 384 
volume, 347 
Probability, 752 
Problems for off hours, 53, 119, 
183, 246, 311, 372, 509 
answers, 120, 184, 247, 312, 
373, 509, 637 
Product, 64 
see also Multiplication 
Products and sums 
derivatives, 468-470, 475 
formulas, 424 
Progression, 216, 256 
arithmetic, 214, 252, 256 
geometric, 216, 252, 256 
harmonic, 256 
Project, 384 
Projectile 
see Trajectory 
Projection, 327, 384 
Prolate cycloid, 511 
Prony brakes, 567 
Proof, formal (geometry), 
267,319 
Proper fractions 
see Fractions 
Properties 
see Materials 
Proportion, 83 
see also Ratio and proportion 
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Proportion, cont'd 
defined, 84, 128 
expressing, 84 
extreme, defined, 128 
inverse, 86, 128 
simple, 85 
Proportional 
limit, 583 
mean, 268, 319 
Proportionality, factor of, 518 
Protractors, 258, 280, 320, 541 
military, 858 
vernier, 547 
Ptolemy, school of, 688 
Pulleys 
see Ropes and pulleys 
Pulleys, fixed 
revolutions per minute 
formula, 191 
Puzzle-problems 
see Problems for off hours 
Pyramids, 334 
area, 335, 382 
defined, 384 
exercises, 335, 337, 436 
frustum, 336 
lateral area, 335 
measurement 
calculus applied, 494 
triangular, 384 
truncated, 384 
volume, 348, 382 
and surface determination, 
494 
Pythaaoras, 686 
Pythagorean theorem, 268, 
274, 320, 358, 686 
exercises, 274-275, 376 ` 


Q 


Quad-ruled paper, 232, 251 
Quadrangular prism, 339 
Quadrants, 237, 392, 448 
bounded by axes, 392 
exercises, 393 
Quadratic, 197, 256 
Quadratic eauations 
see Equations 
Quadratic formula, 199, 252 
Quadrilaterals, 263, 315, 320, 
see also Parallelograms 
area, 316 
classification, 316 
cyclic, 271, 318 
sum of angles, 263 
Quantities 
force, 553 
fundamental 
length, 553 
mass, 553 
time, 553 
known, 131, 192 
mechanical calculations, 553 
unknown, 131, 193 


in simultaneous equations, 


194 
more than two, 196 
velocity, 553 
Quart, 62, 574 
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Quotient, 19, 64 
see also Division 
derivatives of, 470 


R 


Radians (angle), 385, 387, 448, 
566 
Radical numbers 
see Numbers: imaginary, 
irrational 
Radicals, 360 
addition, 360-361, 438 
binomials, 361 
chemical, 642 
complex numbers 
see Numbers, complex 
division, 362, 438 
multiplication, 361-362, 438 
negative, 363-365, 438 
negative expression under 
radical sign, 363 
polynomials, 361 
subtraction, 361, 438 
surds, 360 
transforming, 362 
Radicals, atomic, 642 
valencies (table), 700 ` 
Radicand, 128 
Radio, 801-827, 868-871 
bearings (navigation), 780 
circuits, 803 - 
antenna, 803, 807 


automatic frequency control, 


826 
capacitance, 802 
detector, 868 
inductance, 802 
linear frequency, 810 
neutralization, 815 
oscillators, 816 
paralle!, 804 
resistance, 802 
special, 825 
tank, 817, 818, 822 
decrement, 818 
variation of impedance, 810 
circuits, high-frequency 
differentiating, 824 
circuits, low-frequency 
integrating, 824 
direction finding, 777 
electric circuits, contrasted, 
801 
Kirchhoff's laws, 737 
modulation 
amplitude, 812 
frequency, 813 
navigaticn, 769 
negative resistance, 816 
neutralization, 815 
Ohm's law, 737 
parallel reflection from 
parabola, 810 
plate resistance, 807 
resistance 
negative, 816 
plate, 807 
resistors, 801 
bleeder, 737 
signals, separation of, 823 


Radio, cont'd 
television, 822 
see also Television 
transmission, 811 
amplifier stages, 819 
amplitude modulation, 812 
carrier-frequencies, 813, 816 
frequency modulation, 813, 
814 
high-freauency, 822 
wave composition, 811 
tubes 
filaments in series, 740 
use of algebra, 801 
use of calculus, 816 
use of geometry, 810 
use of mathematics, 801 
exercises, 827 
use of trigonometry, 811 
vacuum tubes, 807 
amplification factor, 808 
constants, 807 
electric properties, 807 
negative resistance, 816 
operation, 811 
plate resistance, 807 
sound volume, 811 
transconductance, 808 
voltage dividers, 738 
Radio engineering 
resonance phenomena, 537 
Radium 
disintegration, 455, 515 
half life period, 517 
Radius ` 
angle measurement, 387 
of action, 867 
of circle, 270, 320 
of sphere, 351 ` 
Rates 
problems, 505, 573 
Range finding, 741, 851 
Ratio and proportion, 83 
definition of terms, 177 
exercises, 87, 179, 187, 255 
expressing proportions, 84 
problems, 87, 118, 179, 188, 255 
Rational numbers 
see Numbers, rational 
Ray, geometric, 259, 320 
Reactance, 731 
capacitive, 732 
inductive, 732 
Reactions, chemical, 645, 
see also Redox reactions 
combination, 646 
decomposition, 646 
double, 646, 648 
displacement, 646 
redox, 647 
valency changes, 644, 646 
Reactions, engineering, 588 
Real numbers, 202, 256 
Reaumur scale 
see Thermometer 
Reciprocals, 113, 167, 192, 448 
division of fractions, 168 
slide rule use, 113 
Reckoning, dead 
see Dead reckoning 
Rectangles, 264, 320 
area computation, 43, 174, 
265, 475 
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Rectangles, cont'd 
moment of inertia, 495 
square with equal area, 288 
symbol, 316 
Rectangular parallepiped, 340, 
348 
Recurring decimal, 74, 256 
Redox reactions, 647 
see also Reactions, chemical 
Reduction, 30, 64, 448 
Reduction formulas, 402 
Refueling of bomber, 551 
Reflex angle, 259, 220 ` 
Regular figures, defined, 384 
Relative error, 569 
Reproduction of angles, 284 
Resistance 
copper wire, 762 
electric conductors, 709 
plate, 807 
Resisting medium, vibration, 534 
Resistors, 710, 737, 801 | 
Resononce phenomena, 536 
Resonant circuits, 735 
Result, 64 
Resultont, 64 
Revolution, angles, 385, 386, 448- 
cylinder of, 342 
Rhomboid, 320 
Rhombus, 264, 316, 320 
Rhumb line, 770 
Riemann, G. F. B., 694 
Right angle, 259, 283, 320, 386 
Right ascension, 791 
Right circular cone, 293 
Right cylinder, 342, 384 
Right prism, 339, 384 
Right spherical triangles, 781 
Right triangles, 315, 406 
see also Triangles 
Ring gage, 545 
Roberval balance, 555 
Rod 
linear, 40, 43, 574 
square, 44, 574 
Rolle, Michael, 691 
Roman numerals, 46, 50, 64 
Arabic, compared, 61 
Roots, 222, 256, 
see also Cube root, Square root 
coincident, 201 
defined, 128 
equal, 201 
finding, 223, 228 
of powers, 222 
quadratic equations, 201 
tables, 250 
use of locarithms, 99 
use of slide rule, 109 
Ropes and pulleys, 591 
leverage, 592 
tension, 591 . 
Rotation (angles), 385, 448 
Round numbers, 64 ` ` 
Ruler, drawing, 258, 279, 320 
Rules (measuring), 541 
metric and British scales, 
39, 43 ! 
Runner 
see Slide rule 
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S 


Safety, factor of, 584 
Sagging and rigidity, 372 
Sailings, 771 
see also Navigation 
Salts 
electrolysis, 644 
Scale 
see Linear, Metric, Platform 
scale, Rule, Slide rule, Spring 
scale, Tnermometer, Vernier 
for addition, 138 
Scale drawing, 855 
Screw threads, 612 
American National Form 
Thread, 614 
double-threaded, 612 
lead, 612 
multiple-threaded, 613 
pitch, 612 
quadruple-threaded, 612 
single-threaded, 612 
standard systems, 640 
tap drills, 614 
triple-threaded, 612 
Secant 
circle, 270, 320 
trigonometric function, 
394, 448 
Second 
angle unit, 385, 387, 441, 448 
time unit, 40 
Second-degree equation, 304, 319 
Secondary standard, 540 
Sector, 316 
Segment, 264, 270, 283, 320 
Semi-circle, 320 
Separable equations, 576 
Series 
arithmetic, 214, 256 
exercises, 216, 309 
formula, 214-215 
sum of terms, 215 
binomial, 256 
circuit, 711 
condensers, 725 
defined, 214, 256 
exponential, 219, 252, 256 
finite, 214 
geometric, 216, 256 
exercises, 219, 309 
formula, 216 
sum of terms, 217 
harmonic, 256 
infinite, 214 
laws of, 214 
logarithmic, 219, 220, 256 
resistance, 710 
set-over, 625 
tube filaments, 740 
Shell trajectory, 385, 459, 482, 
565 
see also Military gunnery, 
Trajectory 
Shop tolerances, 569 
Short division, 18, 64 
see also Division 


Shortest distances 
between two points, 258, 320, 
357 
of sphere, 357 
Shunts, 714 
tenth shunt, 716 
Side 
of angle 
initial, 386, 448 
terminal, 386, 448 
of triangle 
adjacent, 406, 448 
opposite, 406, 448 
Sideral time, 793 
Signals, separation of, 823 
Signed numbers, use of, in 
algebra, 131, 192 
Significant figures, 568 
Signs 
see also Grouping, signs of; 
Symbols 
resulting from alaebraic 
operations, 189 
Silver 
measurement, 43 
Similar, 266, 320 
triangles, 267 
Simpson's rule, 313, 320 
Simultaneous equations 
see Equations 
Since 
symbol, 316 
Sine, 394, 442-447, 448, 768 
Sine law, 411 
Slant height (cone), 344, 384 
Slide rule, 101-114, 429-432, 
680-685 
cube root, 112 
exercises, 112, 188 
cubing numbers, 111 
exercises, 111, 188 
division 
exercises, 107, 188 
hairline, 101, 128 
history, 690 
indicator, 101, 128 
multiplication 
exercises, 107, 188 
parts of, 101 
problems, 114, 188 
reciprocals, 113 
runner, 101, 128 
scales, 101-102 
reading of, 103 
settings (Tables XXVIII and 
LVI) 
algebra, 380 
geometry, 381 
trigonometry, 696-697 
sine scale, 430 
small angles, 681 
special marks, 681 
square root, 109 
exercises, 110, 188 
squaring numbers, 108 
exercises, 109, 188 
tangent scale, 430 
trigonometric use, 429, 680 
logarithmic proportionality, 
685 
scales, 429, 680 
settings (table), 696-697 
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Slide rule, cont'd 
utilization, 101 
cube root, 112 
cubing numbers, 111 
for division, 107 
for multiplication, 105 
reciprocals, 113 
square root, 109 
squaring numbers, 108 
Siopes, 465 
derivative as, 465, 476 
of curves, 465 
Slua, defined, 554 
Sodium 
atomic weight, 642 
Sodium chloride, 642, 643 
Solar motion, 792 
Solar time, 793 
Solid figures 
see Figures, solid 
Solid geometry 
see Geometry, solid 
Solids 
see also Materials, 
Matter, Substances 
density and specific gravity, 556 
expansion, 583 
cubical, 667 
exercises 
see Expansion 
linear, 666 
specific gravity, 654 
table, 702 
Sollenberger, Norman J., 577 
Solubility of substances, 701 
Solutions, chemical, 652 
acidity, 659 
alkalinity, 659 , 
combining weight, 657 
equivalent, 657, 659 
exponential numbers, 656 
forming, 655 
exercises, 660, 759 
molal, 655 
molar, 655 
normal, 657 
py value, 659 
percentage, 653 
saturated, 652 
supersaturated, 652 
unsaturated, 652 
Sound 
formulas, 191 
velocity in air 
formula determining, 191 
volume, 811 
Space, points in 
see Points in space 
Specific gravity, 556 
of chemicals, 654 
exercises, 654, 655, 759 
table, 575 
Specific heat, 675 
of gases, 700 
Speed 
air, 799 
cutting, 598 
ground, 799 
rates, 492 
Spheres 
angles on, 356 
area, 382 
celestial, 791 
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Spheres, cont'd 
center, 351 
defined, 351, 384 
diameter, 351 
equation of, 354 
equations, 354, 438 
exercises, 352, 438 
lune, 383 
measurement, 352 
exercises, 353, 438 
polar distance, 351 
properties of, 351 
radius, 351 
spherical distance, 351 
surface area, 353 
volume, 352, 382 
Spherical angles, 356, 384 
Spherical polygons, 351, 384 
Spherical segment, 382 
Spherical surfaces, 351 
see also Spheres 
angles, 356 
area, 353 
defined, 384 
shortest distance between two 
points on, 357 
Spherical trigonometry 
see Trigonometry, spherical 
Spherical wedges, 384 
Spheroid, 355, 384 
Spiral head 
see Tools, power index head 
Spring scale, 555 
Square bracket, 144, 122 
Square centimeters 
see Centimeters, square 
Sauare inches 
see Inches, square 
Square measure, 62 
Square meters 
see Meters, square 
Square, perfecting of, 248, 256 
Square root, 224, 256 
defined, 128 
imaginary numbers, 202 
irrational, 359 
logarithm use, 100 
negative numbers, 202 
siide rule use, 109 
steps for extraction of, 224 
tables, 250 
Square yards 
see, Yards, square 
Squaring numbers, 222, 256 
defined, 128 
sum of n numbers, 252 
Squared paper, 232, 256 
Squares (figures) , 264, 316, 320 
area, 265, 316 
construction, 287, 288 
rectangie with equal area, 288 
similar, 268 
symbol, 316 
triangle with equivalent area, 
276 
Squares (number) 
diffevence of, 154 
factoring 
see Factoring 
magic, 55, 185 
perfect, 256 
sum of, 155 
table of, 250. 


Standard, defined, 540 
Statistical graphs, 231, 256 
Stars, table of, 832 
Steam 
latent heat of, 675 
Steam hoist, 593 
Steel, structural 
behavior, 638 
carbon 
cutting speed, 639 
columns 
load formulas, 596 
high speed 
cutting speed, 639 
stiffness, 583 
stress-strain curve, 581-582 
tensile strength, 582, 584 
unit stress 
factor of safety, 584 
Steelyard, 555 
Stellite 
cutting speed, 639 
Stere, 44 
Stifel, Michael, 689 
Straight angle, 259, 320 
traight edge, 258, 279, 320 
Straight line, 257, 320 
without rulers, 374 
Strain 
see Stress and strain 
Strange ways with numbers, 


55, 121, 185, 248, 313, 374, 510 


Strength 
tensile, 560, 582 
Stress and strain, 580 
compression, 580 
deformations, 561 
equilibrium equations, 584 
exercises, 581, 704 
factor of safety, 584 
measurement, 560 
problems involving 
use of vectors, 501 
proportional limit, 582 
shear, 580 
stiffness, 583 
strain, 561 
stress 
comprehensive, 560 
defined, 560 
tensile, 560, 580 
stress-strain curve, 581-582 
elastic limit, 582 
proportional limit, 582 
tensile strength, 582 
Stresses 
equivalents, 575 
pressure containers, 593 
stresses and reactions, 584 
exercises, 590-591, 704 
tension, 580, 592 
exercises, 592, 704 
trusses, 589 
unit strain, 580 
unit stress, 580 
exercises, 583, 704 
Strokes 
see Tools, power 
Strophoid, 511 
Structural engineering, 577-597, 
833-837 
see also Stress and strain 
building laws, 579 


891 


Structural engineering, cont'd 
Code of Khammurabi, 578 
factor of safety, 584 
materials, 579 

see also Materials 
properties, 579 
ropes and pulleys, 591 
scientific approach, 578 
specifications, 579 
trusses, 589 

Subscripts, 130, 192, 642 

Substances 
see also Materials, Matter, 

Solids, Substances 
chemical properties, 641 
conversion to gases, 670 
fusion, 702 
properties, 641 
resistivity, 718 
solubility 

table, 701 
specific heat, 675 

table, 701 
temperatures of fusion 

table, 702 
thermal capacity, 706 

Substitution 
elimination bv, 194 
integration by, 491 
of values 

see Alaebra, unknown 

Subtend, 270, 320 

Subtraction, 9, 64 
borrowing, 63 
checking correctness, 11 

casting out 9's, 12 

casting out 11's, 12 
complex numbers, 367 
decimals, 67 
denominate numbers, 79 
difference, 63 
exercises, 10-11, 51 

solutions, 123, 124 
fractions, 31, 165 

in algebra, 165 
imaginary numbers, 365 
in algebra, 138-139 

fractions, 165 . 

negative numbers, 139 

polynomials, 143 

positive numbers, 139 
minuend, 64 
mixed numbers, 36, 52 
minus, 64 
minus sign, 2 
quick method, 10 
radicais, 361 
shop method, 11 
sign of, 2 
subtrahend, 64, 67 

Subtrahend, 64, 67 
see also Subtraction 
signs changing in polynomial 

subtraction, 144 

Successive selection, 206 
exercises, 206, 308 

Sugar 
decomposition, 670 

Sulfuric acid, 654 

Sum, 64 
see also Addition 

Summa, 487 

Sumner lines, 796, 863 
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Sums, and products 
see Products and sums 
Superposition, 270, 320 
Supplementary angles, 260, 320 
Surd, 360 
see also Numbers, radical 
defined, 384 
fundamental operations, 360 
Surfaces 
area, 345, 384, 437 
cone, 382, 494 
conical, 318 
cube, 382 
curved, 383 
cylindrical, 383 
defined, 321, 384 
lateral, 336, 342, 344, 382, 383 
pressure upon 
computation, 496 
pyramid, 382, 484 
Surveying 
fixed points, 769 
Symbols, 64 
see also Signs 
addition sign, 2 
algebraic, 452 
arithmetic, 452 
division sign, 2 
elements, 641 
subscript, 642 
equality sign, 1 
“congruent”, 2 
“does not equal", 1 
“identical with”, 1 
not equivalence, 551 
“ought to equal”, 1 
equivalent to, 551 
geometric, 316 
multiplication sign, 2 
number, 47 
parameters, 454 
subtraction sign, 2 
Symmetric, 320 
Symmetry, 265 
line of, 265 
point of, 265 


T 


T-square, 280, 320 
Tables 
defined, 64 
integrals, 492 
Tcbies and formulas 
accelerations 
equivalent, 574 
addition facts (simple), 57 
algebraic processes 
results of, 189 
signs resulting, 189 
aliquots, 125 
altitudes of triangles, 315 
angles 
equivalent measurements, 440 
logarithmic functions, 444 
natural functions 
in degrees and minutes, 442 
in mils, 768 
right, in degrees and radians, 
440 
areas 
equivalent, 574 


Tables and formulas, cont'd 


ctomic weights, 698 
avoirdupois measure, 62 
cables 
see Copper and cables 
cone height calculations, 639 
conic sections 
comparison of, 317 
copper wire and cable: 
dimension and resistance, 
762 
sizes, 760 
cubes and cube roots, 251 
cubic measure, 62, 574 
curves, closed 
lengths and areas, 316 
cutting speeds, 638 
decimal equivalents, 125 
degrees and minutes 
conversion to mils, 763 
in radians, 440 
density and specific gravity, 
575 
density and temperature 
corrections, 763 
derivatives 
standard forms, 512 
differential equations, 576 
divisibility, 58 
division short-cuts, 58 
dry measure, 62 
electricity 
circuits: load, distance, loss 
and conductor size, 761 
dimensions and resistance: 


copper wire and cable, 762 


voltage drop: wire sizes, 760 
elements, physical constants 
(table), 699 


energy, work, heat equivalents, 


575 
expansion 

gases, 702 

water, 702 


. factors 
of algebraic polynomials, 189 


of positive integers, 59-60 
factorial numbers, 252 
figures, plane 

area, 316 
figures, solid 

areas and volumes, 382 


— firing, 764 


forces, weights and masses 
equivalent, 575 
formulas, 190 
fractions 
algebraic, 189 
decimal equivalents, 125 
functions, trigonometric 
logarithms of, 444-447 
signs, 440 
values of, 441, 442, 443 
gases 
coefficients of expansion, 
700 
heating values of dry, 703 
specific heat, 700 
thermal data, 703 
Greek alphabet, 441 
heat, 575, 700, 701, 703 
integers, factors of positive, 
59-60 
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Tables and formulas, cont'd 


integrals of basic functions, 
512 
lenaths 
equivalent, 574 
linear measure, 62, 574 
liquid measure, 62 
load (wire), 761 
logarithms, 126-127 
of numbers, 126 
of trigonometric functions, 
444 
materials 
behavior, 638 
cutting speeds, 639 
mils 
conversion to degrees and 
minutes, 763 
military gunnery 
d table, 767 
firing tables, 764 
natural functions of anales 
in mils, 768 
s and d tables, 766 
wind components, 765 
multiplication short-cuts, 57 
natural functions of angles 
see Tables, angles 
navigation 
aerial, 830 
celestial, 831-832 
number systems 
Roman and Arabic, 61 
numbers 
divisibility, 58 
place value, 61 
physical constants, 699 
polygons, classification, 315 
polyhedra, 383 
polynomials (algebraic) 
prime factors, 189 
power 
equivalents, 576 
pressures and stresses 
equivalents, 575 
quadrilaterals, classification, 
316 
Roman numbers, 61 
short cuts 
division, 58 
multiplication, 57 
roots 
cube, 251 
of equations, 252 
square, 250 
slide-rule settings, 380-381, 
696-697 
solids 
expansion, 702 
speeds, cutting, 638 
spherical triangles, 829 
square measure, 62, 574 
squares and square roots, 250 
standard thread systems, 640 
substances 
solubility, 701 
specific heats, 701 
temperatures of fusion, 702 
symbols 
geometric, 316 
temperature, 763 
thread systems, 640 
time measure, 62 
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Tables and formulas, cont'd 
triangles 
classification, 315 
right, altitudes of, 315 
slide-rule settings, 696 
spherical, 329 
trigonometric functions, 
logarithms, 444-447 
natural, 442-443 
signs of, 440 
values of, 441 
trigonometry slide-rule settings, 
696 
valencies, 700 
velocities 
equivalent, 574 
volume expansion, 700 
volumes 
equivalent, 574 
water 
atmospheric pressure, 702 
weights and measures, 62, 575 
wind components, 765 
wire 
see Copper wire 
work 
see Tables, energy 
Tail stock, 624 
Tangent 
circle, 270, 320 
construction at given point, 
291 
trigonometric function, 
394, 442-447, 448, 768 
Tangent law, 417 
Tap drills, 614 . 
Tape, surveyor's, 541 
errors, 570. 
Taper calculations, 620 
diameters, 620, 622 
distance between, 622 
exercises, 623, 624, 704 
formulas; 621 
set-over, 625 
exercises, 627, 704 
taper attachment, 623 
turning 
setting tailstock, 624 
Tartaglia, Nicolo, 688 
Taylor, Brook, 691 
Technical errors, 569 
Television, 822 
circuits 
differentiating, 824 
signal separation, 823 
Temperature 
see also Heat; Expansion 
corrected, 763 
defined, 661 
formulas, 191 
measurement 
thermometers, 131-132, 
191, 662-664, 676 
thermostat, 664, 665, 840 
` of mixtures, 675 : 
thermal capacity, 706 
thermal expansion, 583 
thermometer scales, 191, 663, 
664 | 
United States Wecther Bureau 
recordings, 664 
Tensile strength, 560, 638 


Tension, 580, 592 
Term, defined, 134 
Terminal side, 448 
Terms 
see also Units 
binomial, 134 
factors of, 134 
grouping within parenthesis, 
134 
in erithmetic series, 215 
in geometric series, 217 
monomial, 134 
polynomial, 134 
see also Polynomial terms 
trinomial, 134, 
see also Trinomial terms 
unknown, 84, 131 
Tertiary standard, 540 
Testing machines, 561 
Tetrahedral, 333, 384 
Tetrahedron, 335, 383, 384 
Theodolites, 547 
Theorems 
binomial, 211 
limits of variables, 460 
Pythagorean, 268, 274, 320, 
358 
Therefore 
symbol, 316 
Thermal capacity, 706 
Thermal data on gases, 703 
Thermal expansion, 583 
Thermometers 
boiling point, 662 
Centigrade, 662 
early forms, 662 
Fahrenheit, 662 
freezing point, 662 
gas, 664, 665 
maximum-and-minimum, 664 
mercury used, 662 
readings, 131-132 
Reaumur, 663 
scales, 662 
conversion, 191, 663, 664 
exercises, 664, 759 
special types, 664 
temperature shown bv, 676 
Thermostat, 664, 665, 840-846 
operation of, 666 
Threads, screw 
see Screw threads 
Three-wire distribution systems, 
721 
Time 
acceleration, 448 
fundamental quantity, 553 
Greenwich, 795 
measure, 62 
sidereal, 793 
solar, 793, 794 
units of, 62 
days, 45 
hours, 46 
minutes, 45 
month, 45 
second, 40, 45 
year, 45 
Time constants, 726 
Times 
see Multiplication 
Times sign, 2, 64 


Tolerances, 568 
Tons, 44 
equivalent in pounds, 44. 
Tools, geometric 
see Geometry, plane 
Tools, power 
boring mill 
cutting speed, 599 
crank shapers 
cutting speed, 602 
exercises, 603, 704 
cutting, 598 
feed of, 606 
operating speed, 598 
time for machining, 606 
drill press, 601 ! 
feed of, 606 
drilling time, 607 
exercises, 608, 609, 704 
index head, 627 
lathes, 598 
change gears, 615 
compound gearing, 618 
cutting speed, 599 
cutting threads in, 615 
engine, 615 
lathe constant, 617 
machining time, 606 
setting tailstock, 624 
exercises, 607, 704 
simple gearing, 617 
milling machines 
cutting speed, 601 
exercises, 602, 704 
milling time, 609 
exercises, 610, 704 
planers 
cutting speed, 603-606 
exercises, 606, 704 
planing and shaping 
exercises, 612, 704 
planing time, 611 
shaping time, 611 
tap-drill sizes, 614 
taper calculations, 620 
Torque, 555, 
see also Motion, rotary 
work caused by, 561 
Trajectory, 385, 448, 
air resistance, 751 
defined, 741 
dispersion, 752 
center of, 753 
pattern, 753 
exercises, 751 
probability, 755 
spotting the shot, 758 
variables influencing, 747 
table, 752 
variations, 753 
Transconductance, 808 
Transmission of power, 849 
Transits, surveyor's, 547 
Transmitter, radio, 803 
Transversal, 261, 320 
Trapezium, 316, 320 
kite, 319 
Trapezoid, 265, 316, 320 
area, 266 ; 
Traverse sailing, 773 
Triagonal, 384 
Trial divisors, 21, 64 























Triangles, 262, 263, 815, 320, 
see also Angles - 
adjacent side, 406, 448 
altitudes, 315, 818 
area, 265, 266, 516 
Cassinian ovals, 511 
circumcenter, 276 
congruent, 263 
construction, 285 
equilateral, 264, 285, 815 
construetión, 285 
excenter, 319 
isosceles, 264, 315, 784 
isosceles right, 815 
oblique, 448 ` 
cosine law, 4142416, 507 
inscribed cirelés, 417-418, 
507 
problems involving, 411 
sine law, 411 -414, 507 
slide-rule settings, 697 
tangent law, 417, 507 
opposite side, 408, 448 
perpendicular biseetors of 
sides, 276 


polygon with equivalent aréa, 


275 
problems, 865, 878 
right, 315, 820 
acute angles, 406 
altitudes ot, 815 
base anales, 315 


Egyptian knowledge of, 636 


one sidé equal to 90°, 784 
opposite Side, 448 
slide-rule settings, 696 
square on hypotenuse, 258 
tangent law, 417 
trigonometrie problems, 
406, 408, 506 
trigonometrie solutións, 
-408, 411, 507 
scalene, 315 
sides, 385 
adjacent, 448 
similar, 266, 268 
exercises, 269, 876 
solution, 829 
special points of, 276 
spherical, 356, 781 
general, 785 
quadrantal, 784 
right, 781 
Napier's rules, 784 
rules governing, 784 


solution by inspection, 784 


square With equivalent area, 
276 | 

sum of ángles of, 262 

symbol, 316 


trigononiétrie application, 885 


vertices, B85 
Triangles, drawing, 230 
Triangular prism, 339, 884 
Triaon, 385, 448 
Trigonometry, plane, 585-435 
angles, 385, 
see also Angles 
cosine law, 414 
defined, 385, 448 
derivation of term, 385 
functions, 394, 
see also Funetións 
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Trigonometry, plane, eont'd 
identities, 418 
inverse functions, 427 
quadrants, 392, 
see also quadrants 
reduction formulas, 402 
sine law, 441 
slide rule use, 429-432, 680= 
685, 696-697 
tangent law, 417 
triangles 
oblique, 411 
right, 406 
use in radio, 811 
Trigonometry, spherical 
exercises, 786 
formulas, 781 
triangles 
general, 785 
right, 783 
Trihedral, 333, 384 
Trinomial terms, 134, 192 
factoring, 156-159 
Triples, number, 274, 319 
Trisection, 820 
Trochoids, 510 
parametric equations, 510 
Truncated, 336, 384 
Trusses e i 
columns, 595 
stresses in, 589 
Tube filaments, 740 
Tubes, vacuum, 807, 811 
Two-wire circuits, 761 


U 


Uncia, 40 
Unit strain, 580 
Unit stress, 580 
Units, 39, 64 
see also Terms 
conversion, 78, 550 
equations of, 550 
power, 566 
Unity, 64 
Unknowns, 131, 197 
V 
Vacuum tubes, 807, 811 
Valencies 
defined, 644 
determination, 644 
elements and tádieals 
table, 700 
exercises, 645, 759 
negative, 644 
positive, 644 
Validity, 196, 256 
Value, 64 
absolute, 502 
Vapors 
see Gases 
Variables, 193, 256, 452 
argument, 454 
bounds, 453 
dependent, 454 
derivative, 483 
derivatives, 474 
equations, 455 
exercises, 460, 571 
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Variables, eónt'd 
functions, 453, 459 
continuous, 457 
implicit form, 455 
independent, 454, 459 
symbols, 459 
infinite, 460 
limits, 453, 455, 459, 460 
derivation öf e, 462 
derivative as, 465 
exercises, 464, 571 
reached, 457 
cores, 460 
two or more 
functions, 485 
Variations, chanta, 753 
Vectors, 501 
plotting graphically; 501 
wind, 865 
Velocity, 553 
Gir, 799 
angular, 448 
bullets, 565 
distance per unit time, 554 
equivalents 
table, 574 
formulas, 190 
measurement, 554 
parallelograms of, 501, 86$ 
problems involving 
use of vectors, 501 
wind, 799 
Vernier 
caliper; 542 
micrometer, 544 
protractor, 547 
scale, 542 
Vertex, 260, 320 
of angle, 385 
of cone, 293, 344 
of pyramld, 348 
Vertical, 64, 258 
Vertical angles, 260, 820 
Vibrations 
in resisting medium, 534 
plotting functions, 535 
steady, 538 
sympathetic, 538 
Vinculum, 144, 192 
Volt, 705 
Voltage 
determination, 177 
dividers, 738 
drop, 716, 760 
formula, 190 
regulator; 825 
Volume GE 
cone, 349, 382, 494 
cube, 347 
cylinder, 349, 382 
defined, 384 
equivalents 
frustum 
cone, 382 
pyramid, 382 
measurement, 548, 549 
see also Measurement 
dry, 549 
liquid, 549 ` ; 
meniscus, effect of, 549 
parallax, 549 
pipettes, 550 











Volume, cont'd 
measurement, cont'd 
standards, 41 
surface tension effects, 549 
units, 44, 549 
parallelepiped, 348, 382 
polyhedra, 383 
prism, 382 
pyramid, 348, 382, 494 
segment of sphere, 382 
solid figures, 346, 382 
sound, 811 
sphere, 382 


W 


Water 
atmospheric pressure 
table, 702 
expansion, 668 
formula, 646 
freezing process, 668 
heat requirement for 
boiling, 706 
pressure on surface, 496 
specific heat, 702 
temperature effects, 654 
thermal capacity, 706 
weight equivalents, 706 
Water pipes, 593 
Watts, 566, 705 
determination 
formula, 190 
watt-second, 705 
Weddle's rule, 313, 320 
Wedges, 592 
. power-driven, 598 
Weighted averages, 76 
Weighing instruments 
beam balance, 555 
hydrometer, 556 
| pan balance, 555 
| 
| 
l 





Roberval type, 555 
scales 

platform, 555 

spring, 555 
'steelyard, 555 
Westphal balance, 557 


Weights 
see also Atomic weights; 
Molecular weights 
avoirdupois 
tables, 62 
combining, 657 
conversion to similar 
units, 77 
determination of, 648 
equivalents 
table, 575 
gases 
computation, 673 
gravity affecting, 553 
liquid, 44 
mass, relationship, 553 
measuring standards, 40, 41 
molecular, 655 
systems of, 40 
English, 40 
metric, 40 
see also Metric system 
tables, 62 
troy, 42-43 
units of, 62, 575 
see also Pound 
Weights and measures 
see Measurement, Weights 
Weights, chemical 
combining, 657 
equivalent, 657 ` 
Westphal balance, 557 
Wet measure 
see Liquid measure 
Wheatstone bridge, 716 
Wheels 
rim speed 
formula determining, 191 
Width, 321 
Wiener, Norbert, 459 
Wind 
components, 765 
drift, 864 
vectors, 865 
velocity, 799 
Wire and cable 
copper 
dimensions and resistance, 
762 
voltage drop, 716, 760 
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Wire manufacture 
problem, 482 
Wire springs 
Hooke's law, 497, 532 
Wood 
behavior, 638 
Work, 561, 
see also Energy, Forces, Power 
defined, 561 
equal to force times 
distance, 554 
equivalents 
table, 575 
measurement of, 561 
of forces, 497 
torque causing, 561 
unit of measurement, 497 


X 


x, use in algebra, 131 


Y 


Yards, cubic, 44, 577 

cubic meter equivalent, 44 
Yards, linear, 40, 43, 574 
Yards, square 

area measurement unit, 

43, 574 

square meters, compared, 43 
Year 

solar days, 793 
Young, Thomas, 561 

modulus, 561 


x 


Zero, 63 j 
division by, 393-394 
integral of, 487 
use of, 48 

in decimals, 49 

Zero power, 89, 128, 142 











Printed in Issue Number Two 


PROBLEM Correct ANSWER 
BASIC ARITHMETIC 
35 91.221. 

56 2,203 
61 5,241 
87 16,800 
119 1602, 
FRACTIONS 
276 1112?" 
277 13" 
282 227 
288 27 
284 927 
291 60,572.23, 
296 68.25 


NUMBERS THROUGH 


THE AGES 
9 1896 


MEASURING ROD 


7 3,547 
16 40,991 
26 1,0592 
28 76288 
31 22 
33 287.2 
35 1372. 
37 2102, 


OMITTED ANSWERS— 
NUMBERS THROUGH 


THE AGES 
21 0.5 26 0.08 
22 0.07 27 0.0045 
23 0.000044 28 10,002.5 
24 0.01325 29 3.00 
25 32.58 30 0.0725 








Answers for 


Issue Number Two 
Printed in Issue Number Three 


PROBLEM CORRECT ANSWER 
FURTHER PRINCIPLES OF 
ARITHMETIC 
5 6.708 

12 0.541 

17 0.8 

32 0.94 

40 154.28. 

55 0.0625 
114 15,2 
129 428 yd. 
147 8587.5 sq. in. 
LOGARITHMS 

1 

44 25.99 

46 541.2 

49 1300 

55 32.10 

64 9.02351 

71 3345 x 1010 

SLIDE RULE 

16 376,300 

26 541,000 

27 1.602 

28 3,180 

29 2,620,000 

36 45 

37 245 

39 9.76 

MEASURING ROD 
1 4.57" 

23 9.456 

35 36.6 ft 

40 379.8 


51 1,490 sq. ft. 
228? 


OMITTED ANSWERS— 
FURTHER PRINCIPLES 


148 63" X82” 

149 .11.97 tons 

150 š 

151 1:2.56 

152 72 
OMITTED ANSWER— 

SLIDE RULE 

41 6,77 
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PRACTICAL MATHEMATICS issues | to 14 for years of serv- BINDERS THAT WILL HOLD ` 
ice. Only a very few sets of these binders are left. As you know, YOUR ENTIRE SERIES OF ` ` EA 
wartime shortages have severely limited production, and the | PRACTICAL  . 
manufacturer simply cannot accept additional orders to help us mc o 
meet our demands. Therefore this final offer of binders is made MATHEMATICS — E 
subject to withdrawal if our supply is gone by the time your ISSUES 1 TO 14. 
erder is received. We cannot guarantee to fill every order with 
ihe small stock on hand; and, as far as our supply will go, 
erders will be filled strictly in the sequence of the postmark 
dates they bear. We reserve the right to return your order and - 
remittance immediately, if they are received too late. If you 
delay for long, you will be disappointed. We therefore suggest 
you mail order form below, or a copy of it on your own sta- 


tionery, AT ONCE! | 





















Artcraft, Finished in Rich Tones of Warm Spanish Leather, Moroc- 
co-Grained and Embossed in Black, Brown and Gold. Size 64 x 91⁄2 
inches. Binders open flat; patent fasteners permit any issue to be 
inserted (or removed) at any time 
without disturbing the others. 
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